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@ Peg hydrazone and peg oxime linkage forming reagents and protein derivatives thereof. 

@ The present invention provides methods and compounds for modifying polypeptides with PEG or 
other water-soluble organic polymers. Novel water-soluble polymer reagents are provided for. 

The water-soluble polymer reagents of the subject invention include hydrazine, hydrazine carboxyl- 
ate, semicarbazide, thiosemicarbazide, carbonic acid dihydrazide, carbazide, thiocarbazide, and 
arylhydrazide derivatives as well as oxytamine derivatives of water-soluble organic polymers, such as 
polyethylene glycol, polypropylene glycol, polyoxyethylated polyol, heparin, heparin fragments, dext- 
ran, polysaccharides, polyamino acids, and polyvinyl alcohol. 

Also provided for, are polypeptides of interest derivatized by the subject water-soluble polymer 
reagents. 

Kits for modifying polypeptides with the subject water-soluble polymer reagents are also provided. 



CO 
CO 

o 

m 
o 

CO 



0- 

UJ 



Jouve, 18, rue Saint-Dents, 75001 PARIS 



EP0 605 963 A2 

Field of the Invention 

This invention relates to water-soluble polymers, such as monomethoxypoly(ethylene glycol), that are 
modified to form a hydrazone linkage with an aldehyde group on a protein, and the invention also relates to 
5 protein molecules modified by these water-soluble polymers. 

This invention further relates to such water-soluble polymers that are modified to form an oxime linkage, 
and protein molecules modified thereby. 

Background Art 

10 

Protein and other similar organic molecules may be chemically modified by covalent conjugation to water- 
soluble organic polymers such as polyethylene glycol (PEG) The production of such protein conjugates is of 
interest because of the desirable properties conferred on polypeptides by the attachment of the water-soluble 
polymers. These desirable properties include increased solubility in aqueous solutions, increased stability dur- 

15 ing storage, reduced immunogenicity, increased resistance to enzymatic degradation, compatibility with a wid- 
er variety of drug administration systems, and increased in vivo half-life. These properties that are brought 
about by the derivatization of polypeptides with PEG or other water-soluble polymers are especially of interest 
when the polypeptide is to be used as a therapeutic agent injected into the body or when the polypeptide is 
to be used in assays, usually immunoassays, for the detection and/or quantification of a compound of interest. 

20 The attachment of reporter groups, ligands, etc. to proteins through a glycoprotein's carbohydrate moiety 
has been described [Weber, P. and Hof, L. (1975) Biochem. Biophys. Res. Commun. 65, 1298-1302; O'Shan- 
nessy, D.J., Dobersen, M.J., and Quarles, R.H. (1984) Immunol. Lett. 8, 273-277; O'Shannessy, D.J. and 
Quarles, R.H. (1985) J. Appl. Biochem. 7, 347-355; Chua, M.-M., Fan, S.-T, and Karush, F. (1984) Biochim. 
Biophys. Acta 800, 291-300; O'Shannessy, D.J. and Wilchek, M. (1990) Anal. Biochem. 191, 1-8; Koppel, G.A. 

25 (1990) Bioconjugate Chem. 1_, 13-23], A number of groups have been covalently attached in this manner in- 
cluding biotin, fluorescent probes, anticancer compounds, and solid supports. 

U.S. Patent No. 4,847,325 describes the possibility of synthesizing a PEG-amine, PEG-hydrazide or PEG- 
hydrazine and attaching it to a glycoprotein. However, no experimental evidence was given that these PEG- 
derivatives had been synthesized, that these PEG-derivatives could modify an oxidized glycoprotein, and what 

30 the resulting biological properties of these putative PEG-proteins might be. 

The publication by Kogan, T.P., Synthetic Communications, 22(16) , 2417-2424 (1992), describes the syn- 
thesis of a monomethoxypoly(ethytene glycol)hydrazide. 

The enzyme peroxidase has been modified with PEG through its carbohydrate groups [Urrutigoity, M. and 
Souppe, J. (1989) Biocatalysis 2, 145-149]. In this modification PEG-diamine was reacted with oxidized per- 

35 oxidase, and the resulting imine was reduced with borohydride to form a stable bond between PEG and the 
carbohydrate group on the protein. Three molecules of PEG-20,000 were attached to the enzyme. A possible 
problem in using PEG-diamine in this manner is inter molecular cross-linking taking place between the protein 
molecules with PEG diamine functioning as the cross-linker. Another drawback of using PEG-diamine is the 
consumption of two available aldehyde groups for each PEG-diamine attached to the protein, thus lowering 

40 the potential number of sites for PEG incorporation. 

Besides the hydrazone forming mPEG derivatives, also synthesized is a series of oxime forming mPEG 
derivatives. Oximes are formed by the reaction of hydroxylamine or oxylamine derivatives with aldehyde or 
ketone groups. Polystyrene substituted benzophenone oximes have been used as supports for solid-phase 
peptide synthesis [DeGrado, W.F., and Kaiser, E.T. (1980) J. Org. Chem. 45, 1295-1300]. In this example the 

45 growing peptide chain is coupled to the oxime group via an ester linkage. The substituted oxime bond is quite 
stable, and even unsubst ituted aldoximes show good stability towards the Beckmann rearrangement requiring 
60 hr at 100° in the presence of silica gel to yield the reaction [March, J. (1985) Advanced Organic Chemistry, 
New York-John Wiley & Sons, pp 987-989]. The oxime linkage has been used to couple morpholinodoxorubicin 
to an antibody [Mueller, B.M., Wrasidlo, WA, and Reisfeld, R.A. (1990) Bioconjugate Chem. 1, 325-330]. In 

50 this example the ketone group of morpholinodoxorubicin was reacted with aminooxyacetic acid. The newly cou- 
pled free acid group was activated, and morpholinodoxorubicin was linked to the free amino groups of lysine 
on a monoclonal antibody. 

A number of proteins have been modified by PEG. For a review see Inada, Y., Yoshimoto, T. Matsushima, 
A., and Saito, Y. (1986) Trends Biotechnol. 4: 68-73. A number of patents have issued and applications pub- 

55 lished in this field as listed below: U.S. Pat No. 4,179,337; U.S. Pat No. 4,609.546; U.S. Pat No. 4,261,973; 
U.S. Pat No. 4,055,635; U.S. Pat No. 3,960,830; U.S. Pat No. 4,415,665; U.S. Pat No. 4,412,989; U.S. Pat 
No. 4.002,531; U.S. Pat No. 4,414,147; U.S. Pat No. 3,788,948; U.S. Pat No. 4,732,863; U.S. Pat No. 
4,745,180; EP No. 152,847; EP No. 98,110 published January 11, 1984. The above patents and patent pub- 
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S h . k / 6 USe ° f ° ther water - solu We polymer protein modifying reagents including but not re- 
acted to polypropylene glycol (PPG), polyoxyethylated polyol (POP), heparin, heparin fragments dextran 

PO,yamin ° 3CidS indUdin9 Pr ° ,ine ' alcoho. (PVA) and other wateLluble onganic 

m„tt rcCent ^ 0*090/12874) describes the preparation of an mPEG-EPO in which the EPO 

£ to isssiz w in ; rod r ced by genetic engineerin9 - a cysteine ***** ■* «>- 

!! eneUCany en 9 ,neered free group. Only one mPEG molecule could be in- 

oZSS f h ° T 00 BVidenCe ° f thfe inc °n>o ratfo " was presented. Also no biological or biophysical 
properties of the resulting mPEG-EPO were described 

loJSiSTi V 9 ! yC ° pr0tein which re 9 u,ates rcd cell production. Erythropoietin exerts its bio- 
bSnnJt J? ? l °. reCeptors on Precursors (Krantz. S.B.. Blood 77: 41SW34 (1991)). The 

re T h T 181 '" 10 reCePt ° r 031,868 erythroid precursors toproliferalelnd differentiate into mature 
tof^r! 2S 9r0Wt K faCt0rS 8UCh 38 inter ' eukin 3 0r 9™ulocyte-macrophage colony-stimulat^g a " 
tor also are nvolved ,n erythropoiesis along with cofactors such as iion, folic acid, and vitamin B12 Currently 
erythropo.et.n * approved for use in anemia of chronic rana. failure in both dialysis and predial patTents 

under study .nclude anem,a of cancer, presurgical autologous blood donation, and perisuraical adjuvant ther- 

c a rb^hv 1 d h rTr?J n „ MnSiStS t ° f T ^ tW ° dfeulfide brid 9 es - Erythropoietin has four 

carbohydrate chains emanating from the protein backbone. Three of the carbohydrate groups are N-linked and 

OTH^rl h k . T.' f, nd 8ia " C aCid " The carboh y drate composition of erythropoietin is heterogeneous 

JmbSS! 9 roUP8aC< ?" ntforabo ^ 40%o »h«Protein'sweight The (^hydrategroupToT, erythropoietin 
are believed to .ncrease the solubility of erythropoietin and prolong its serum half-life 

polymers and the extent to wh,ch the polypeptides can be modified. Different water-soluble polymer reagents 

Tnte^t S n' Pe r *5 flB " ,pB Pr ° Vide *» COup,i " 9 to amin ° acid resid "~ 

SSI. 9roUPS P,DVide C ° UPlin9 * water - solubte P°'y™* to specif ic amino acid 

oh£!S!£S? reSidUeS i^" 9 different mPEG - rea 9 ents havi "9 Cerent properties such as suc- 
S2fflrtP?h s^cnimidy. succinate-PEG. imidate-PEG. cyanuric chloride-PEG. carbonyldiimi- 
^ ^^^T^" 6 ^^ (4 - nitropheno1 and 2.4.5-trichlorophenol) have been de- 
scribed Each reagent has its own specific property. The subject application involves new carbohydrate PEG 

ditteS^'f " S ; i ' e ^ P0,yPePtideS covalent| y j° ined t0 a carbohydrate molecule or molecules, provide ad- 
b«°TJj « Z 1 T" 1 " 19 different meth0dS of water-soluble polymer derivation of a polypeptide 

because of the presence of the carbohydrate moieties on the polypeptide. Water-soluble polymer reagents 
ESS? V - 1 ° Cart> ° hydrate motet,e8 of 9'ycoproteins as opposed to the amino^cid polype^ 

v d ln 7" '- e ' VanOUS functional orou P s P resent °r, polypeptide, of the glycoprotein. It maybe ad^ 
SZXZZ tT£° Water - solublarea 9 a "ts to the carbohydrate moiety of a giycoprotein rather than to the 
^ am,n ° aC,dS DeCaUSe ° f differences in charge displacement, steric hinderance. amino 
ColTnen,^ 

component of the water-soluble polymer modified glycoprotein 

cooroteinTyS h ' Wate !: 80, " b,e ^'y" 1 . 6 ' rea 9 en,s t^t may be coupled to the carbohydrate moiety of gly- 
aTrSf^hT'? !"J?i COnjU9ata water - so,uble P 01 ^^ to proteins without subsiantfclly 
aSnS rSuei ^ ^ * proteins that would * adv «rse.y affected through coupling at other 

SUMMARY OF THE INVENTION 

wate7'i P !'br n I!r nti0 , n Pf0VideS metHOd8 and ^P 08 '" 0 " 3 for "^fying polypeptides with derivatives of 
SvS ^r 8 - ' water - so,uble P°'y mer rea 9 a "ts. that form a hydrazone linkage with an 

S2h 9 T* P J 0 ,- 9rOU S T S ' mi,ar ChemiCa ' reaCtivi,y ' e 9 - ketones - ,actols - a c«vated carboxy.ic acids or 
activated cart>oxyl,c acrd derivatives on a polypeptide. Novel hydrazide. semicarbazide aryl hydride thio- 
sem.carbaz.de. hydrazide carboxylate. carbonic acid dihydrazide. carbazide. and miocXide 'de^es Tf 
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polyethylene glycol (PEG) and other water-soluble polymers are provided. One or more of the water-soluble 
polymer reagents may be coupled to individual polypeptides or similar organic molecules to form hydrazones 
that link the polypeptide to water-soluble polymers. 

Another aspect of the subject invention is to provide for proteins, particularly glycoproteins, modified by 
the covalent attachment of hydrazone linkage water-soluble polymer derivatives. 

Also disclosed are methods and compositions for modifying polypeptides with derivatives of water-soluble 
organ,c polymers that form an oxime linkage with the above-mentioned aldehyde or similarly reactive groups 
Novel oxylamine derivatives as listed hereinbelow. of polyethylene glycol (PEG) and other water-soluble poly- 
mers are provided and wherein one or more of the water-soluble polymer reagents may be coupled to individual 
polypeptides or similar organic molecules to form oximes that link the polypeptide to water-soluble polymers 

th« iaSZ^n 01 "T^**" inventk>n is to P rovide for P r °teins. particularly glycoproteins, modified by 
the covalent attachment of oxylamine water-soluble polymer derivatives. 

J" 6 Water - S0,uble t po| y mer rea 9 ents of «» subject invention include hydrazone linkage and oxime linkage 
forming derivatives of polyethylene glycol homopolymers. polypropylene glycol homopolymers, copolymers 
of ethylene glycol with propylene glycol, wherein said homopolymers and copolymers are unsubstituted or sub- 

^?h!lr !T 25 f I**?* 9r0UP ' P 0 **** 1 *"* P°'y°'s. P^yvinyl alcohol, polysaccharides, polyvinyl 
e y ethers, and a-B-PolyKa-hydroxyethyl^DL-aspartamide] and other water-soluble organic polymers Poly- 

rjSr^ Wat T SOl,,ble POlymerS indUde PO,yeth y ,ene S'y«» *here one of the terminal hydroxy) group 
n mod. ,ed with an R group, i.e.. RO-PEG, where R may be alkyl. aryl. alkyaryl. aroyl, alkanoyl. benzoyl ar- 
S * S ' cycoalkylaryl. and the like. The water-soluble powers listed are on^xeSy of 

^ a ' soco ^P'fd, provided that the derivatives are water-soluble. More preferably, the water-soluble poly- 
"To J , , 9r ° UP consistin 9 of Polyethylene glycol and derivatives thereof, the monomethyl 

teins) <mPEG) 56109 PartiCU ' ar,y preferred < so as 10 avoid oross-linking between pro- 

rh,Hr? lyPePtideS 1 0f '"If 681 f ° r waler - soluble l»"y™w derivatization by the subject water-soluble polymer in- 
clude hormones lymphokmes. cytokines, growth factors, enzymes, vaccine antigens, and antibodk* Water- 

intermediates and mimetics thereof, are of particular interest 

Another aspect of the invention is to provide erythropoietin that has been partially oxidized and subse- 
quently combined with (i) a semicarbazide derivative of the monomethoxypoly (ethylene glycol) (mPEG) so 

vlroSw- mP ^^ 

yftropoietin (joined through hydrazone linkages), (ii) a carboxylate hydrazide derivative of mPEG so as to pro- 
duce denvat.zed EPO containing about 22-32 mPEGs/EPO (joined through hydrazone linkages), and (iii) oxy- 
amine derivatives of mPEG so as to produce derivatized EPO containing about 3-36 mPEGs/EPO (joined 
through oxime linkages), all as measured by gel filtration retention time 

wim^hi^ 01 / *! 'm enti0n iS t0 Pn>Vide meth ° dS ° f activatin9 Po'yPoPtioes for covalent conjugation 
with the subject water-soluble polymer reagents. 

DESCRIPTION OF THE DRAWINGS 

roH^rJ?" 0 * 88 " HPLCchroma togramof EPO. Figure Ibshowsan HPLC chromatogram of EPO modi- 
fied wrth a hydrazme derivative of mPEGSOOO. Figure 1 c shows an HPLC chromatogram of EPO modified with 
asuccinimideesterofmPEG5000. 

Figure 2 is a graph of the hematocrit level of mice treated with mPEG5000-EPO containing different 
m^On^T? ""I 6 f* 18 " mPEGs/mola ou.e of EPO). The EPO derived 2 £52 
mPPrS" 10 ^ 6 ^ denvatEed "** the sub j ect semicarbazide compound. EPO derivatized with 12 
mPEG5000/molecule is derivatized using the subject hydrazide compound. 

Qp fJ?" re 3 is a 9raph showing the ability of EPO. hydrazide mPEG5000 EPO (12 PEG/EPO) hydrazide 
mPEG12000-EPO (6 PEG/EPO). thiosemicarbazide mPEG5000-EPO (25 PEG/EPO) selSroSe 

antibody specific for EPO in an ELISA assay. 

mPE^HvdLw! ?™ Sh °oS c COmP l riSOn ° f the bi ° ,09ical aCtivit y of EPO whe " -"ooif ied with either 
mPEG-Hydraz.de HY) or mPEG-Sem.carbazide (SC). Two different molecular weights (8500 and 5000) of 
mPEG were used in the comparison. Mouse albumin is used as the control 

Figure 5 is a plot showing the hematocrit level of mice treated with mPEG8500-EPO containing different 

aTd u e n Lli tacned : PEG h 2i 20 and 12 mPEGs) - EPO derivatized ■» 34 - 20 *<S5SK22 

are denvat,zed using the subject semicarbazide compound. EPO derivatized with 12 mPEG85000/molecule 
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is derivatized using the subject hydrazide compound. Mouse albumin is used as the control 
p.a Sll .' 8 l fl ? Ph Sh0Wi " 9 the reSU ' tS ° f EUSA a " Ba »» for mPEG modif ied Ep O "sing a Clinigen® EPO 

n^lZTJllT^ 4 : eferS 10 Semtearba2We mPEG5 °°° EPG wim 24 mSecul« « of 
mPEG/molecute of EPO. SC5-1 8 refers to the semicarbazide mPEGSOOO modified EPO with 18 molecules of 
mPEG semicarbazide /molecule of EPO. 

Figure 7 is a graph showing the circulating half-life of EPO in plasma. In the legend SC5-18-iv refers to 

SStSTJS* *° SemicOTbazide ^65000 modified EPO with 22 mdecuJof 

e^rp^r^ 

the term SC^! 2! JS" 9 TT*£ ^ reSp0nSe 10 in J ectto " with EPO. In the legend, 

of ETO me^^ 

mPEGSOM t*! ,hiosemicart >^° mPEGSOOO modified EPO with 25 molecules of 
mPEGSOOO /molecule of EPO. the term DH5-22 refers to the dihydrazide mPEGSOOO modified EPO with 22 
molecules of mPEGSOOO /molecule of EPO. M.A. refers to the mouse albumin control 

the te^TSS^Xf^H ^fK" 968 in hemat0Cnt ' eVel in rcSP ° nse 10 m ^ ion with EP0 - teW. 
L™7 fS to the tnl0se m'carba2ide mPEG5000 modified EPO with 17 molecules of 

fTedw?h^ 
ed^^ 

Roure^Til Zl^ ^ Of . mPEG200 ° Anolecule «* EP °. M-A- refers to the mouse albumin contro.. 
fe JX ,k a 9 rap ^ show,n 9 cha "9 e s «n hematocrit level in response to injection with EPO The legend 
^pp^nT; f t6rm SC5_18 refefS to the mPEG 5000 semicarbazide modified EPO with 18 moires of 
mPEG5000/mo.ecu.eofEPO.thetermSC12-14referstothesemi^ 

modm^PO rf : PEG12 ' 000 / mo '^ 01 EPO. the term SC5-28 refers to the semihydSe mPEGSOOO 

££S o 0 ?J2 12,'2S - 5 ? "T? 000 /molecule of EPO - the term HY12 " 6 re ' ers t0 the 

so 12 coTroT m ° ,eCUleS ° f mPEG12 ' 000 * Ep O. M.A. refers to the mouse 

the teT lc8 ■^ST? ^J™ ' eVe ' h KSP ° nSe l ° injectfon with EPO - the ,e 9 e "°- 

th- term SC8.5-34 refers to the sem.carbazide mPEGBSOO modified EPO with 34 molecules of 
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29 molecules of mPEG1 2.000 /molecule of EPO. M.A. refers to the mouse albumin control 

derived ?h S f 9faP H ° f h6 , mat0Crit levels in mice Nected subcutaneously or intravenously EPO and EPO 
derivatives. The legend is as follows: EPO-SC refers to EPO injected subcutaneously EPO-iv refers to EPO 

S;™ n ? ! C !- n 28 - SC referS to — - PEG 5000 modified EPO vTith 28 mo ecrfes S 
SZS f EPO injected subcutaneously. SC5-28-iv refers to semicarbazide mPEGSOOO modi- 
S.h! ^" eCU ' eS ° f mPEG500 ° /mo,e «"° of EPO injected intravenously, HY12-6-SC refers to hy- 

ou^hyi, ? ' T Tff EP ° ^ 6 m °' eCU,eS * mre Q12.000/molec U .e of EPO injected ZSSSi 
of fpo ; ^ f ^ l ° hydraZid8 mPEG12 - 000 ™<«W E PO with 6 molecules of mPEG12,000 /mdecute 
ofEPOinjected intravenously. MA,sc refers to mouse albumin control injected subcuteneously MaTSs 
to mouse albumin control injected intravenously. neousiy, m.a. iv refers 

^no^Jto^ 9 Z Ph , ShOWin ° hematocrit levels in mice Ejected with multiple versus single doses of .1 mi- 

• ■s? 15 a :rr s: EPOx3sc refers ,o EPo injected subcutan «k three tim - 

W ^'! PGx3iv refers 10 EPO '"Jected intravenously three times a week. SC5-22x1sc refers to semicarbazide 

a'weeTs^We^ * T^* ? mPEG5 °°° /m ° ,eCU ' e * EP ° 
eZtfE^n^ 

Figure 15 is a graph showing hematocrit levels in mice with tumor necrosis factor afTNFaWnduced anemia 
and injected with EPO and derivatives of EPO. The legend is as follows: TNF(5) refersto^F in^ed over 
I"" ?Tk J +EPO(5) l ° TNF 3nd EP ° injecled «™«to"eous.y over a period of ^ZSSSSZ 
fers to TNF mjected over a period of five days and EPO injected on days 1 and 4. T + Scll S Lfers^^ TUF 
« injected over mt period of f «,e days simultaneously with semicarbazide mPEGSOOO modit^d EPOwfth 18 Z 

1 ,k ^ ^° ,eCUle 01 EPO ' T+SC5 " 1 «( 2 ) to TNF injected over a perioTof Z days s^- 
taneousfy with semicarbazide mPEGSOOO modified EPO with 18 molecules of mPE^O^ecutrof EPO 
injected on days 1 and 4. M-A refers to the mouse albumin control /molecule of EPO 
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Figure 16 is a graph showing hematocrit changes in response to injection with EPO. In the legend, 18PEG- 
Arefers to EPO modified with mPEG-O-CH^HrNH-CO-ONH* (formula XXI of the invention), with 18 mPEG 
molecules per molecule of EPO; 31 PEG-C refers to EPO modified with mPEG-0-CH 2 CH r NH-CO-CH r ONH 2 
(formula XXIV of the invention), with 31 mPEG/EPO; 25PEG-C refers to EPO modified with mPEG-0-CH 2 - 
CH 2 -NH-CO-CH r ONH 2 (formula XXIV of the invention), with 25 molecules of mPEG/molecule EPO. 

Figure 17 is a graph showing hematocrit changes in response to injection with EPO. In the legend, 22 PEG- 
B refers to EPO modified with the oxime-derivatized mPEG-O-CH^-ONHz (formula XXIII of the invention), 
with 22 mPEG molecules/molecule of EPO; 1 7 PEG-B refers to EPO modified with the same oxime linker hav- 
ing 17 mPEG molecules/molecule of EPO, and 12 PEG-B refers to EPO modified with the same oxime linker 
having 12 mPEG molecules/molecule of EPO. 

Figure 18 is a graph showing the ability of EPO, m-PEG-0-CH 2 CH2-NH-CO-ONH 2 ("A") mPEG5000 EPO 
(18 PEG/EPO), mPEG-0-CH 2 CH r ONH 2 ("B") mPEGSOOO EPO (22 PEG/EPO), mPEG-O-CH.CrVONH^B") 
mPEG5000 EPO (17 PEG/EPO) ,mPEG-0-CH 2 CH r ONH 2 ("B") mPEG5000 EPO (12 PEG/EPO), mPEG-O- 
CH 2 CH2-NH-CO-CH 2 -ONH 2 ("C") mPEGSOOO EPO (31 PEG/EPO), and mPEG-0-CH 2 CH r NH-CO-CH r ONH 2 
("C") mPEGSOOO EPO (25 PEG/EPO) to bind a monoclonal antibody specific for EPO in an ELISA assay. 

Figure 19 is a graph showing EPO dependent cell proliferation using mPEG-EPOs. In the legend 18 PEG- 
Arefers to EPO modified with mPEG-0-CH 2 CH 2 -NH-CO-0NH 2 (formula XXI) at 1 8 PEG/EPO, 22 PEG-B refers 
to EPO modified with mPEG-0-CH 2 CH 2 -ONH 2 (formula XXIII) at 22 PEG/EPO, 17 PEG-B refers to formula 

XXIII at 17 PEG/EPO, 12 PEG-B refers to formula XXIII at 12 PEG/EPO, 31 PEG-C refers to EPO modified 
with mPEG-0-CH 2 CH r NH-CO-CH r ONH 2 (formula XXIV) at 31 PEG/EPO, and 25 PEG-C refers to formula 

XXIV at 25 PEG/EPO. 

Figure 20 is a graph showing hematocrit changes in response to injection with EPO. In the legend 31 
mPEGs refers to EPO modified with the oxime-derivatized mPEG-0-CO-NHNH 2 (formula II of the invention) 
having 31 mPEG molecules/molecule EPO. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Definitions 

The term "water-soluble polymer reagent" as used herein, refers to a water-soluble polymer modified so 
as to contain a functional group that provides for the covalent conjugation of the water-soluble polymer to a 
polypeptide. 

The term "polypeptide" as used herein, refers to polypeptides of various sizes, including larger polypep- 
tides (frequently referred to as proteins), small peptides, and glycoproteins. 

The term "oxidation activatable group" as used herein, refers to functional groups such as alcohols, poly- 
ols, lactols, amines, phenols, carboxylic acids, or carboxylic acid derivatives that react with the hydrazide por- 
tion or the oxylamine portion of the subject compounds after the functional group has been exposed to oxi- 
dative conditions. Oxidation activatable groups present on a polypeptide that is a glycoprotein may be present 
on the carbohydrate portion of the glycoprotein or on the amino acid residue portion of the glycoprotein. Ex- 
emplary, but not exclusive, of oxidation activatable groups are hydroxyl groups present on the carbohydrate 
portion of glycoproteins. The hydroxyl groups may be oxidized to hydrazide reactive aldehydes or oxylamine 
reactive aldehydes, depending on the derivative employed. 

The term "partial oxidation" as used herein, refers to the processes of oxidation that proceed to an extent 
that does not completely abolish the biological activity of the polypeptide being oxidized. 

The term "activated for conjugation" as used herein with respect to polypeptides, refers to the partial ox- 
idation of a polypeptide, where the extent of oxidation is sufficient to convert at least one oxidation activatable 
group to a functional group capable of chemically reacting with the hydrazide portion or oxylamine portion (or 
similar functional group portion) of one of the subject water-soluble polymer reagents. 

The term "biological activity" as used herein, refers to biologically relevant properties of a compound in- 
cluding: enzymatic activity, the ability to bind to receptors (including antibodies), the ability to bind ligands, 
the ability to induce an immune response, therapeutic activity and the like. 

The term "antibodies," as used herein, includes both polyclonal and monoclonal antibodies with natural 
immunoglobulin sequences, synthetic antibody derivatives, and the like; antibodies may be modified so as to 
be joined to any of a variety of labels, fluorescent, radioactive, enzymatic, biotin/avidin or the like. Synthetic 
antibody derivatives include natural immunoglobulin sequences that have been mutated and selected for al- 
tered binding specificity, various immunoglobulin gene derived polypeptides, typically single chain, produced 
by genetically modified bacteria, antibodies modified so as to contain modified constant regions and the like; 
a review of such synthetic antibody derivatives based on the principles of antibody formation is provided in 



6 



EP 0 605 963 A2 



Winter and Milstein, Nature, 349: 293-299 (1991). 
The Invention 

The subject invention provides novel polypeptide modifying reagents that are hydrazine or oxylamine der- 
.va rves of water-soluble polymers such as PEG, i.e, polyethylene glycol, for use in modifying polypeptides so 
as to be bound to water-soluble polymers. The water-soluble polymer reagents of the subject invention may 
be used to covalently attach a variety of water-soluble polymers to polypeptides of interest. The subject hy- 
drazine and oxylamine derivatives of water-soluble polymers, i.e., water-soluble polymer reagents, may be co- 
valently attached to proteins through reactions with aldehyde groups or other suitable functional groups pres- 
ent on the protein of interest. Aldehyde groups may be introduced by partially oxidizing the hydroxyl groups 
(or other oxidat.on actrvatable groups) on the polypeptide. Examples of oxidation activable groups include the 
hydroxyl groups present on the carbohydrate moieties of a glycoprotein. Suitable methods of oxidation, i.e., 
parual ox.dat.on, mclude treating the polypeptide of interest with an oxidizing agent such as periodate or other 
ox.dat.on agents known to those of skill in the art, or adding an enzyme capable of catalyzing oxidation reac- 

ZrZT I 0 "' 11 Pf0 ^ n ° f lntefeSt **" 9a,aCtOSe ° xidase - Another as > ect of *° sub i e <* invention is 
to prov.de polypept.des mod.f .ed by the reagent molecules, i.e., the subject water-soluble polymer hydrazine 
or oxylamine derivatives, so as to be covalently bonded to one or more water-soluble polypeptides 
follows 6 f ° rmUlae ° f C ° mp0UndS USef ul for °° up,ln 9 water-soluble polymers to polypeptides are as 

HYDRAZINE DERIVATIVES 



a hydrazine derivative; 



(I) P-0-CH 2 -CO-NHNH 2 , 
(II) P-0-CO-NHNH 2 , 
P-NH-CO-NHNH2, 
P-NH-CS-NHNH 2 , 



a hydrazine carboxylate derivative; 

(III) 

a semicarbazide derivative; 

(IV) 

a thiosemicarbazide derivative; 

(V) P-NHCO-NHNHCO-NHNH 
a carbonic acid dihydrazide derivative; 

(VI) ' 

a carbazide derivative; 

(VII) 

a thiocarbazide derivative; 

(VIII) 

an aryl hydrazide derivative; 

(IX) 

a hydrazide derivative; 
OXYLAMINE DERIVATIVES 



P-NHNHCONHNH 2 , 
P-NHNHCSNHNH 2 , 
P-NH-CO-C 6 H 4 -NHNH 2> 
P-O.CO-CH 2 CH r CO-NHNH 2f 



(XIX) P-O-CHjCIVCO-ONH* 
(XX) P-0-CH 2 CH2-0-CO-ONH 2 ; 

(XXI) P-0-CH 2 CH r NH-CO-ONH 2 ; 

(XXII) P-0-CH 2 CH2-NH-CS-ONH 2 ; 
(XXIII) P-0-CH2CH 2 -ONH 2 ; 

(XXIV) P-0-CH 2 CH 2 -NH-CO-CH 2 ONH 2 ; 

(XXV) P-O-CHzCHz-O-CO-CHrON^; 
(XXVI) P-O-Cr^CrVCHlOH^CH^ONht; and 

(XXVII) P-O-C^CHz-CO-CHz-ONHj. 
P represents a water-soluble organic polymer in the above formulae. Water-soluble organic polymers of 
interest have hydroxyl groups appended to the polymer backbone and may be selected from known water-solu- 
ble polymers including but not limited to: (a) dextran and dextran derivatives, including dextran sulfate P-ami- 
no cross linked dextrin, and carboxymethyl dextrin (b) cellulose and cellulose derivatives, including methyl- 
cellulose and carboxymethyl cellulose (c) starch and dextrines, and derivatives and hydroytactes of starch (d) 
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polyalWyene glycol and derivatives thereof, including polyethylene glycol, methoxypolyethylene glycol, poly- 
ethylene glycol homopolymers, polypropylene glycol homopolymers, copolymers of ethylene glycol with pro- 
pylene glycol, wherein said homopolymers and copolymers are unsubstituted or substituted at one end with 
an aikyl group (e) hepann and fragments of heparin, (f) polyvinyl alcohol and polyvinyl ethyl ethers, (g) poly- 
vinylpyrrolidone, (h) a.p-Poly[(2-hydroxyethyl)-DL-aspartamide. and (i) polyoxyethylated polyols. Preferably 
he water-soluble polymer P is selected from dextran and dextran derivatives, dextrine and dextrine deriva- 
tives, and more preferably polyethylene glycol and derivatives thereof. Polyethylene glycol water-soluble poly- 
mers include polyethylene glycol where one of the terminal hydroxy! group is modified with an R group, i.e. 
RO-PEG. where R may be alkyl. aryl. alkyaryl. aroyl. alkanoyl. benzoyl, arylalkylethers. cycloalkyl. cycloalk- 
ylaryl and I the like. The water-soluble polymers listed are only exemplary of water-soluble polymers repre- 
!l £ ! derivatives of the specifically recited water-soluble polymers are also contemplated, pro- 
vided that the derivatives are water-soluble. More preferably, the water-soluble polymer P is selected from the 
group consisting of polyethylene glycol and derivatives thereof, the monomethyl ether of polyethylene glycol 
(mPEG) be.ng particularly preferred (so as to avoid cross-linking between proteins). When polypeptides modi- 
fy ^te 1 -- 80 '""* P0 * m " r reaa entsof the subject invention are to be used as pharmaceuticals, polymer 
P should be non-toxic. 

The compounds of formulae l-IX may be represented generally by the formula: 



Q 
I 

P-Y-C=X 

wherein X is O or S; Q is selected from the group consisting of -NHNH 2 . and -CerVNHNH* and Y is selected 
from the group consisting of -O-. -OCH,-, -NH-. -NHNH-. -0-CO-CH 2 CrV and -NHCO-N-NHNH-; and P is a 
water- soluble organic polymer (as in compounds l-IX). 

The compounds of formulae XIX-XXVII may be represented generally by the formula: 

P-Y-X-Q 

wherein X is C=0. C=S. CH, or CHOH; Q is selected from the group consisting of -ONH 2 -. and -CrVONrV 

■fiJVJSr 1 'TJ? 6 9f0UP COnsistin 9 of -0-CH 2 CH r . -0-CH 2 CH r O-. -O-C^Cr^-N-. 0-CH 2 CH r S. and 
-u-oh 2 um 2 ch-; and P is a water soluble organic polymer (as in compounds XIX-XXVII) 

In addition to the molecules of formulae I, II. III. IV. V. VI. VII. VIII. and IX the subject invention also includes 
by reaCti ° n W " h the 1,1016011165 of formulae I. II. III. IV. V. VI. VII. VIII. and IX Polypeptides 
modified by Uie water-soluble polymer reagents of formulae I, II. III. IV. VI. VII. VIII. and IX may be represented 
by formulae X. XI. XII. XIII. XIV. XV. XVI. XVII. and XVIII. respectively: Presentee 

HYDRAZIDE-MODIFIED POLYPEPTIDES 

(X) [P-0-CH 2 -CO-NHN=CH-l,-Z. 
(XI) [P-0-CO-NHN=CH-1„-Z. 

(XII) P-NH-CO-NHN=CH-l,-Z. 

(XIII) P-NH-CS-NHN=CH-] „-Z, 
(XIV) P-NHCO-N-NHNHCO-NHN=CH-]„-Z. 

(XV) [P-NHNCON=CH-] n -Z. 

(XVI) P-NHNCSN=CH-l,-Z, 
(XVII) P-NH-CO-CeH4-NHN=CH-J n -Z, and 

(XVIII) [P-O-CO-CHjCr^-CO-NHN^H-ln-Z. 
where.n P is a water-soluble polymer as previously described. Z represents a polypeptide, as described above 
and n represents a number in the range 1 to x. where x is the maximum number of oxidation act Salable groups' 
present in polypeptide Z. The C in the hydrazone linkage formed between the water-soluble polymer reagent 
and Z was originally present on Z. not the water-soluble polymer reagent 

In addition to the molecules of formulae XIX. XX. XXI. XXII. XXIII. XXIV. XXV. XXVI and XXVII the subject 

xxm ™£ ™ ™> P °! y ™,!? 8 » I"*" ted by reaCtk>n With lhe moleoule8 « formulae MX- XX. XXI. XXII. 
Sx ^f^,f!J,f. vJ X y'^? ,y ^ P,ideS m0dif i8d by *• P°'ymer reagents of formulae 

SSSm^'™ XXV " ™* be »y formulae XXVIII. XXIX. XXX. 

XXXI, XXXII, XXXIII, XXXIV, XXXV and XXXVI, respectively: 
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OXYLAMINE-MODIFIED POLYPEPTIDES 

(XXVIII) [P-aCr^CH 2 -CO-ON=CH-] n -Z; 

(XXIX) P-0-CH 2 CH r O-CO-ON=CH-] n -Z; 

(XXX) [P-O-CH 2 CH r NH-CO-0N=CH-] n -Z; 

(XXXI) [P-O-CH 2 CH 2 -NH-CS-0N=CH-J n -Z; 
(XXXII) [P-0-CH 2 CH 2 -ON=CH-] n -Z; 

(XXXIII) P-0-CH 2 CH2-NH-CO-CH r ON=CH-] n -Z; 

(XXXIV) [P-0-CH 2 CH r O-CX>CH 2 -ON=CH-] n -Z; 
(XXXV) [P-0-CH 2 CH 2 -CH(OH)-CH 2 -ON=CH-] n -Z; and 

(XXXVI) [P-O-CHzCHj-CO-CHz-ON^CH-ln-Z, 
wherein P is a water-soluble polymer as previously described, Z represents a polypeptide, as described above, 
and n represents a number in the range 1 to X, where X is the maximum number of oxidation and activatable 
groups present in polypeptide Z. The carbon atom in the oxime linkage formed between the water-soluble poly- 
mer reagent and Z was originally present on Z, not the water-soluble polymer reagent 

Although polypeptides may be modified by the coupling of up to x water-soluble polymers per polypeptide 
molecule, it may be desirable to modify a given polypeptide by less than x water-soluble polymer molecules. 
It may be undesirable to derivatize a polypeptide with the maximum number of water-soluble polymers, i.e., 
x water-soluble polymers/polypeptide molecule, because for some polypeptides, increasing the number of wa- 
ter-soluble polymers per molecule of polypeptide may diminish biological activities as compared the unmodi- 
fied polypeptide. For example see figures 2, 4, 5, 9, 10, and 11, for some results obtained with water-soluble 
polymer modified EPO. 

Different methods of measuring the number of water-soluble polymer molecules attached to a glycoprotein 
molecule, as in hydrazone linked compounds of formulae X, XI, XII, XIII, XIV, XV, XVI, XVII, and XVIII and as 
in oxime linked compounds of formulae XXVIII, XXIX, XXX, XXXI, XXXII, XXXIII, XXXIV, XXXV and XXXVI may 
give different results. For the purpose of this application, when a polypeptide is said to be derivatized by a 
given number of water-soluble polymer molecules/molecule of protein, the number of water-soluble polymers 
given is the empirically determined figure measured by gel filtration chromatography retention time. 

The synthesis of compounds of formulae X, XI, XII, XIII, XIV, XV, XVI, XVII, and XVIII may result in the 
creation of a mixture of reaction products differing from one another with respect to the exact number of water- 
soluble polymers attached to the polypeptide through hydrazone linkages and the sites on the polypeptide 
where these hydrazone linkages are present. Similarly, the synthesis of compounds of formulae XXVIII, XXIX, 
XXX, XXXI, XXXII, XXXIII, XXXIV, XXXV and XXXVI may result in the creation of a mixture of reaction products 
differing from one another with respect to the exact number of water-soluble polymers attached to the poly- 
peptide through oxime linkage and the sites on the polypeptide where these oxime linkages are present As 
the polymer P comprises multiple identical units of varying amounts, it will be appreciated that the molecular 
weight of P may vary considerably. Furthermore, when P is said to have a given molecular weight, that mo- 
lecular weight may only be approximate, reflecting the average molecular weight of a population of molecules 
P differing with respect to one another in regards to the number of subunits present in the molecule. In general, 
P will have a molecular weight of about 200 to 200,000, preferably in the range of 700 to 30,000, more preferably 
in the range of 2,000-12,000. Suitable molecular weights for P, when the molecules of formulae I, II, III, IV, V, 
VI, VII, VIII, and IX and the molecules of formulae XXVIII, XXIX, XXX, XXXI, XXXII, XXXIII, XXXIV, XXXV and 
XXXVI are to be coupled to a polypeptide will vary in accordance with the specific polypeptide to be modified 
and the specific water-soluble polymer selected. Individual polypeptide molecules may be derivatized by one 
or more different water-soluble polymers by means of reaction with different embodiments of the compounds 
of formulae I, II, III, IV, V, VI, VII, VIII, and IX (the hydrazones), or the compounds of formulae XIX, XX, XXI, 
XXII, XXIII, XXIV, XXV, XXVI and XXVII (the oximes), or any combination of the hydrazones and the oximes! 

An advantage of the subject invention is that polypeptides may be modified by the attachment of water- 
soluble polymers without substantially reducing the biological activity of the polypeptide, or reducing the bio- 
logical activity to a lesser extent than the biological activity would be reduced by the attachment of a similar 
number of the same water-soluble polymers/polypeptide molecule by means of previously known chemical 
coupling methods and compounds. Aspects of the biological activity of EPO include the stimulation of red blood 
cell formation. A detailed description of the biological activity of EPO can be found in Krantz S B Blood 77* 
419-434(1991). ' 

Another advantage of the subject invention is that polypeptides modified by the compounds of formulae 
I, II, III, IV, V, VI, VII, VIII, and IX or the compounds of formulae XIX, XX, XXI, XXII, XXIII, XXIV, XXV, XXVI and 
XXVII may then retain a greater degree of their biologicaJ activity than when the same polypeptide is modified 
to the same degree by joining water-soluble polymers to polypeptides employing the frequently used (prior to 
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the subject invention) active esters of mPEG for lysine modification. Thus, the subject invention provides for 
modified polypeptides that possess the advantages associated with the covalent conjugation of water-soluble 
polymers while minimizing the loss of biological activity associated with the modification. Consequently, poly- 
peptides that may be more highly derivatized by water-soluble polymers, and thus or otherwise possess the 
advantages associated with the higher degree of derealization, may be produced that have the same level or 
a higher level of biological activity as polypeptides derivatized by water-soluble polymers to a lesser extent 
using conventional methodology. 

Another advantage of using a hydrazone forming derivatives of PEG (and other water-soluble polymers) 
instead of PEG-amine for coupling PEG to a protein is that coupling of a hydrazide or oxylamine (or similar 
compounds) to an aldehyde yields a hydrazone or oxime respectively, while coupling through an amine gives 
an imine. which is less stable than a hydrazone or an oxime and needs to be reduced to give a stable derivative 
Thus an extra step is required when using an amine instead of a hydrazone forming compound. 

Another advantage of the subject invention is that higherlevels of water-soluble polymers may be attached 
to glycoproteins than with other water-soluble polymer derivatives. The semicarbazide (formula III) thiosemi- 
carbazide (formula IV), and carbonic acid dihydrazide (formula V) derivatives are of particular interest because 
of their higher reactivity than comparable hydrazide derivatives of the subject invention. Reactions involving 
the mPEG denvatization of EPO with semicarbazides, thiosemicarbazides and carboxylate hydrazide descri- 
bed herein have resulted the addition of up to about 31-34 mPEG molecules for each molecule of EPO, whereas 
similar reactions using corresponding hydrazide derivatives of EPO have resulted in the addition of about 6- 
12 molecules of mPEG to each molecule of EPO. Reactions between caibonic acid dihydrazide and hydrazide 
carboxylate derivatives and EPO have resulted in the addition of up to 22 mPEG molecules to each molecule 
of EPO. In orderfor hydrazide derivatives of mPEG to incorporate about 20 mPEG molecules to each molecules 
of EPO, very strong oxidation conditions were required, e.g., 50 mM periodate. 60 minutes incubation at room 
temperature. The subject mPEG semicarbazide and thiosemicarbazide derivatives could be used to provide 
EPO modified with PEG to a similar extent, but under more mild oxidation conditions, e.g.. 10 mM periodate 
for 5-1 5 minutes at 0°C. Strong oxidizing conditions may have an adverse effect on the structural and biological 
properties of many polypeptides, thus PEG semicarbazide, carbonic acid dihydrazide, hydrazide carboxylate 
and thiosemicarbazide derivatives may be particularly useful compounds for modifying polypeptides with PEG 
(or other water-soluble polymers). 

A novel series of oxylamine derivatives of mPEG have been synthesized and have been reacted to the 
oxideed carbohydrate groups of EPO. Some of the mPEG-oxylamines showed high reactivity to the oxidized 
carbohydrates. Also a lower number of mPEGs could be incorporated onto EPO and still give the high in vivo 
activity as seen with the semicarbazide and carboxylate hydrazide (hydrazone forming) mPEG-derivatfvis~ 
This lower number for mPEG incorporation is advantageous in that shorter and milder oxidation conditions 
can be used in the modification. Also lesser amounts of mPEG-derivative can be used in the modification re- 
action. 

Similarly, particularly high levels of water-soluble polymers are attached to glycoproteins when the com- 
pounds of formula XXI, formula XXIV, and formula XXIII are employed as compared to comparable formula 
XIX oxylamine denvative. Reactions involving derivatization of EPO with formula XXI and formula XXIV de- 
scribed herein have resulted in the addition of up to 18-19 mPEGS/EPO, and 31 mPEG molecules for every 
molecule of EPO, respectively, whereas similar reactions using corresponding formula XXII and XIX oxylamine 
derivatives of EPO have resulted in the addition of about 3-4 molecules of mPEG to each molecule of EPO 
Perhaps more importantly, the bioacthvity of resulting oxylamine-derivatized PEG-EPO is surprisingly high 
even at more moderate levels of attachment of water-soluble polymer to EPO (see hereinbelow and Figure 
17). In this regard, bioactivity of a 12 mPEG isolated fraction of formula XXIII is of particular interest (See Fio- 
ures 16 & 17). 1 a 

The ability to generate long acting mPEG-EPO with high activity via coupling mPEG to the oxidized car- 
bohydrate groups depends on the mPEG-derivathve chosen. Some mPEG carbohydrate modifying derivatives 
are not reactive enough to attach an optimum amount of mPEG onto EPO. Some mPEG-derivatives require 
a high amount of incorporation onto EPO due to the stability of the resulting bond. An optimal amount of mPEG 
incorporation for the semicarbazide derivative is about 17-25, more preferably about 22; for the carboxylate 
hydrazide derivative, about 22-32, more preferably about 31. Reactivity of the mPEG-oxylamines is about 3- 
36mPEGs/EPO. 

The water-soluble polymer reagents of the subject invention may be used to modify a variety of polypep- 
tides or similar molecules that contain aldehydes or functional groups with similar chemical reactivity e g 
ketones, lactols, activated carboxylic acids or activated carboxylic acid derivatives, capable of chemically re^ 
acting with the hydrazide portion (or similar functional portion) of the subject water-soluble polymer reagent 
derived from the oxidation of hydroxy! groups, the oxidation of other oxidation activatable groups present on 
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the polypeptide of interest (including carbohydrate moieties when the polypeptide is a glycoprotein, and amino 
acid residues in the primary sequence, e.g., the N-terminus of serine, threonine, hydroxyzines), or hydrazine 
or oxylamine reactive group present on polypeptides prior to or after any oxidative treatment. Polypeptides of 
interest include antibodies, monoclonal and polyclonal, cytokines, growth factors, hormones, enzymes, protein 
or peptide ligands and the like. Polypeptides of interest for modification by hydrazone linkage or oxime linkage 
forming water-soluble polymer reagent molecules of the subject invention may be isolated from their natural 
sources, genetically engineered cells, e.g., CHO cells transformed with expression vectors for the production 
of EPO, or produced by various in vitro synthesis methods. A particularly preferred polypeptide for the pur- 
poses of the instant invention is EPO, and precursors, intermediates and mimetics thereof, whether human 
or recombinant 

While the water-soluble polymer reagents of the subject invention may be used to modify most polypep- 
tides, it is of particular interest to modify (1) polypeptides for use as drugs, and (2) polypeptides for use in 
assays. Polypeptide for use in assays include specific binding proteins, polypeptides recognized by specific- 
binding proteins, and enzymes. By specific-binding proteins it is intended antibodies, hormone receptors, lec- 
tins, and the like. 

Various polypeptides may be modified by the subject water-soluble polymer reagents and the subject 
methods for their use so as to be coupled to different water-soluble polymers and to differing degrees or mod- 
ification. Varying parameters such as (1) the number of water-soluble polymers coupled to an individual poly- 
peptide molecule, which will depend upon the reactivity of the derivatized mPEGs to the EPO, and the bioac- 
trvity of the resulting mPEG-EPO; e.g., reactivity from about 3-36 molecules of mPEG/EPO (2) the molecular 
weight of the water-soluble polymer, e.g., 2.000-1 2,000 daltons (3) the structure of the water-soluble polymer, 
e.g., monomethoxypoly(ethylene glycol) (4) the reaction conditions under which the reaction between the wa- 
ter-soluble polymer reagent and the polypeptide of interest, e.g., temperature and duration, and (5) the oxida- 
tion conditions under which the polypeptide for modification is activated for covalent conjugation, e.g., peri- 
odate at a concentration in the range of 10-40 umol/mg of protein, may influence the biological properties of 
the resultant water-soluble polymer modified polypeptide. 

In a preferred embodiment of the invention, activation of polypeptides for covalent conjugation is per- 
formed by mixing the protein for modification with periodate (0.1-1,000 umole/mg protein) for a period of time 
in the range of one minute to three days, more preferably 0.5-50 umole periodate/mg protein, for a time period 
in the range of 5 minutes to 180 minutes. In a preferred embodiment of the invention, activation for conjugation 
is performed by mixing the protein for modification with periodate at a temperature in the range of -1 0°-50°C, 
more preferably in the range of 0°-30°C. 

In a preferred embodiment of the subject invention when the protein for modification is EPO, EPO is der- 
ivatized with the compounds of formulae ll-VIII, more preferably the compounds of formulae ll-V, the compound 
of formula III, the semicarbazide, and formula II, the carboxylate hydrazide, being particularly preferred, where 
the water-soluble polymer P is methoxypolyethylene glycol (mPEG) and each molecule of EPO is derivatized 
by 3-36, more preferably 17-25 molecules of methoxypolyethylene glycol (in the case of the semicarbazide), 
and more preferably 22-32 molecules of methoxypolyethylene glycol (in the case of the carboxylate hydrazide) 
and the mPEG used has an average molecular weight of about 5000 daltons. Preferred reaction conditions 
for the production of the mPEG5000 semicarbazide modified EPO are at 0-30°C, for 5 to 60 minutes, and 0.5- 
50 uxnoles periodate/mg of EPO (with periodate as oxidizing agent). EPO for modification by the subject water- 
soluble polymer reagents and methods is preferably obtained from genetically engineered cells, more prefer- 
ably from CHO cells genetically modified to produce EPO. By employing the preferred water-soluble polymer 
reagent and conditions for modifying EPO, unexpectedly prolonged biological half-life of EPO is obtained and 
increased hematocrit levels can be seen, for example, see Figures 2, 4 and 5. 

In another preferred embodiment, EPO is derivatized with the compounds of formulae XX-XXVII, more 
preferably the compounds of formulae XXI, XXIV, and XXIII, wherein the water-soluble polymer P is mPEG 
and each molecule of EPO is derivatized by about 18-19 mPEGS, 31 mPEGS, and 17 mPEGs, respectively, 
for formulae XXI, XXIV and XXIII. These results were obtained when the mPEG used has an average molecular 
weight of about 5000 daltons. The compound of formula XXIII had a 12mPEG fraction, which had in vivo bio- 
activity comparable to 22mPEG semicarbazide and 31 mPEG carboxylate hydrazide. Reactivity (molecules 
of mPEG/EPO) for formulae XXI, XXJV and XXIII was in excess of that for PEG hydrazide under the same re- 
action conditions. Preferred reaction conditions for the production of the mPEG 5000 oxime may require more 
mild oxidation conditions such as a shorter oxidizing time or lower concentrations of oxidant than with the cor- 
responding hydrazide to produce higher in vivo bioacthvity. 

The subject invention also provides methods of activating polypeptides for conjugation, i.e., covalent con- 
jugation, with the subject water-soluble polymer reagents. TTiese methods of activating polypeptides for con- 
jugation comprise the step of partially oxidizing the polypeptides of interest Partial oxidation may be achieved 
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by adding an oxidizing agent such as periodate and other oxidation agents known to those of skill in the art, 
or by adding an enzyme capable of catalyzing oxidation reactions on portions of the polypeptide of interest, 
e.g., galactose oxidase. The preferred method of partially oxidizing a polypept ide for activation for conjugation 
is by the addition of periodate in a concentration in the range of 0.1-1,000 urnole/mg protein, for a period of 
time in the range of one minute to three days, more preferably 0.5-50 umole periodate/mg protein, for a time 
period in the range of 5 minutes to 180 minutes. The temperature at which the activation is performed is pre- 
ferably in the range of -10°-50°C, more preferably in the range of 0°-30°C. 

Salts of any of the macromolecules described herein, e.g., polypeptides, water-soluble polymers and der- 
ivatives thereof, will naturally occur when such molecules are present in (or isolated from) aqueous solutions 
of various pHs. All salts of polypeptides and other macromolecules having the indicated biological activity are 
considered to be within the scope of the present invention. Examples include alkali, alkaline earth, and other 
metal salts of carboxylic acid residues, acid addition salts (e.g., HQ) of amino residues, and zwitterions formed 
by reactions between carboxylic acid and amino residues within the same molecule. 

The mode of administration of the preparations of the invention may determine the sites and/or cells in 
the organism to which the compound(s) will be delivered. The compounds of the invention can be administered 
alone but will generally be administered in admixture with a pharmaceutical carrier or diluent selected with 
regard to the intended route of administration and standard pharmaceutical practice. The preparations may 
be injected parenterally, for example, intra-arterially or intravenously. The preparations may also be delivered 
via oral, subcutaneous, or intramuscular routes. For parenteral administration, they can be used, for example, 
in the form of a sterile, aqueous solution which may contain other solutes, for example, enough salts or glucose 
to make the solution isotonic. 

For the oral mode of administration, the EPO compositions of the invention can be used in the form of 
tablets, capsules, lozenges, powders, syrups, elixirs, aqueous solutions and suspensions and the like. In the 
case of tablets, carriers which can be used include lactose, sodium citrate, and salts of phosphoric acid. Va- 
rious disintegrants such as starch, and lubricating agents such as magnesium stearate are commonly used in 
tablets. For administration in capsule form, useful diluents are lactose and high molecular weight polyethylene 
glycols. When aqueous solutions are required for oral use, certain sweetening and/or flavoring agents can be 
added. 

For administration to humans in the treatment of disease states responding to EPO therapy, the prescrib- 
ing physician will ultimately determine the appropriate dosage for a given human subject, and this can be ex- 
pected to vary according to the weight, age and response of the individual as well as the nature and severity 
of the patient's disease. The dosage of the drug in pegylated form may generally be about that employed for 
native drug, however, it may in some cases be preferable or necessary to administer dosages outside these 
limits. 

It is also of interest to supply the water-soluble polymer reagents of formulae I, II, III, IV V, VI, VII, VIII, and 
IX, and XIX, XX, XXI, XXII, XXIII, XXIV, XXV, XXVI and XXVII separately or in various combinations, in the 
form of a kit, so as to provide for the convenient and reproducible derivatization of polypeptides of interest 
Kits of interest may contain solutions comprising the water-soluble polymer reagent of formulae I, II, III, IV, V, 
VI, VII, VIII, or IX, or those of formulae XIX, XX, XXI, XXII, XXIII, XXIV, XXV, XXVI, XXVII, buffers, oxidizing 
agents, reaction indicator compounds, protein concentration measurement reagents, e.g., for Bradford assays, 
and the like. Compounds included in kits are preferably provided in pre-measured portions and pre-mixed sol- 
utions so as to provide for reproducibility and minimize error. Kits also preferably contain instructions. Instruc- 
tions are directed to various steps in performing the subject methods. 

SYNTHESIS OF WATER-SOLUBLE POLYMER DERIVATIVES 

The following syntheses of the subject compounds are exemplary and are not included for the purpose of 
limiting the invention. The person of average skill in the art of organic chemistry can devise variations on the 
exemplified syntheses. 

SYNTHESIS OF HYDRAZONE FORMING m-PEG 
Synthesis of mPEG-Hydrazide 

There are several ways to synthesize mPEG-hydrazide. Two methods are presented. 

mPEG5000-acid (20.8 g, 4 mmoi) was dissolved in 30 ml dichloromethane and t-butyl carbazate (2.64 g, 
8 mmol) in 15 ml dichloromethane was added followed by 1 .68 g (8 mmol) dicyclohexylcarbodiimide which was 
dissolved in 10 ml dimethyrformamide. After running the reaction over night at room temperature the reaction 



12 



EP0605 963 A2 

mixture was filtered. The filtrate was concentrated, and the resulting residue was taken up in dichloromethane 
Ether was added to precipitate the mPEG-t-butyl-carbazlde which was filtered and dried. The product was 
1 T a d,cholormethane/ trifluoroacetic acid (1 :1) mixture. After40 minutes the solution was concentrated 
r ^n? «™ ?'^ orniethane and etner was added. The product was recovered by filtration. Yield 17.7 g! 
IR: (C=0) 1730, 1700. Analyse. Calcd. for N. 0.55. Found: N, 0.44. 

An alternative method shown below converts mPEG-alcohol to an ester. The mPEG-ester then is hydrol- 
yzed with hydrazine to give mPEG-hydrazide. The synthesis of mPEG-ester is similar to the procedure of Roy- 
s'. G.P.. and Anantharmaiah. G.M. (1979) J. Amer^^^ 

NaH 

mPEG-OH >mPEG-0-CH,-C0 2 C 6 H. 

Br-CH,-CO,C t H, 



HjNNHj 

nPEG-0-CH,-COjC 4 H, >mPEG-0-CH 2 -CO-NHNH 2 

h^l T mm0l) W3S diSSOlVed 5 ml dry tetrahydrofuran. To 26.4 mg (1.1 mmol) sodium 

hydride was added 1 ml dry tetrahydrofuran. The mPEG5000 solution was added to the NaH dropwise The 
mature was stirred for one hr at room temperature in an argon atmosphere. During this time the solution be- 
%Z " T ? Br0moacet y acid ***** ester (2.29 g, 10 mmol) was dissolved in 1 ml dry tetrahydro- 

furan and this ; soluton was added dropwise to the mPEGSOOO mixture. The reaction was stirred overnight at 
f M?r,lT iP T.""^ ^ af9 ° n atmos P nere after which time it was filtered. Cold ether was added to the 
f .Urate to precipitate the mPEGSOOO-benzyl ester, and the solid was collected and dried. Yield 4.5 g IR (C=0) 

chlo^e (5?! > ) mP0Und fUfther PUn ' fied ^ 961 fi ' trati0n °" 8 LH " 2 ° C ° lunin e,Uti " 9 with ™thand/ir«thy1ene 

• ^ e f mP n EG5 °0?- be "2y' ^ter was converted to the hydrazide by treatment with hydrazine. In a typical ex- 
penment 1 .0 g mPEGSOOO-benzyl ester (0.194 mmol) was dissolved in 3 ml methanol/methylene chloride (51) 
temlT " a ; m0Sphe : e ; n H y drazine < a091 «">. 2-91 "WOO was added and the solution was stirred at room 

SSSi !^r U SJ!£S t mWUre P,aC6d °" 3 LH - 2 ° COlumn *»* with methanol/methylene 
chlonde (5:1). The mPEGSOOO-hydrazide was separated from the hydrazide and was precipitated with ether 
The sol.d was collected by filtration. Yield 0.78 g. IR (B^-OO): 1669. Analysis. Calcd for N, 0.55. Found: N, 

W T 6 mPEG2 000-hydrazide. mPEG600O-hydrazide, mPEGOSOO-hydrazide. and 
mPEG1 2000-hydrazlde using the procedures described above. 

Synthesis of mPEG-Hydrazine Carboxylate 

H,NNHj 

»PEG-0-CO-I m > ra p EG .o-co- N „H Hj 

d^ 6 ^^ Ve rr (K c 000 " ny o^ Zine Carbox y ,ate was synthesized as follows. Methoxypolyoxyethylene imi- 
dazolyl carbonyl (from Sigma Chemical. 2.5 g, 0.49 mmol) was treated with hydrazine ( 0.077 ml, 2 45 mmol) 
m 10 ml methylene chloride. After 4 hr at room temperature the reaction mixture was filtered, and the filtrate 
was treated with cold ether. The resulting precipitate was collected. Yield 2.22 g. IR (C=OV 1718 Analvsis 
Calcd. for N, 0.55. Found: N, 0.595. 

Synthesis of mPEG-Semicarbazide 

COC1, 

mPEG-NHj 2 > aPEG . NH . C0 . cl 
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mPEG-NH-CO-Cl _'___> mPEG _ N „_ C0 _ NHNHj 

The above mPEG5000-semicarbazide was synthesized as follows. mPEG5000-amine was synthesized 
aS J™« Y Ra j asekharan Pillai ' V.N., and Mutter. M. (1980) J. Org. Chem. 45, 5364-5370. The 
mPEG5000-am.ne (2 g. 0.4 mmol) was dissolved in 9 ml dichloromethane and 0.28 ml triethylamine was added 
To the mixture in an argon atmosphere was added phosgene (in toluene, 0.42 ml, 0.8 mmol). The reaction went 
overnight and then was bubbled with argon to remove any excess phosgene. The solution was concentrated, 
and the residue was dissolved in dicchloromethane and 0.063 ml hydrazine (2 mmol) was added followed by 
2 ml methanol. The reaction went for 4 hr after which time cold ether was added, and the precipitate was re- 
moved by filtration and dried. Yield 1.51 g. IR (C=0): 1683. Analysis. Calcd. for N, 0.83. Found: N 0 56 

Also synthesized were the semicarbazides of mPEG20O0, mPEG6000. mPEG8500, and mPEG12000 us- 
ing the procedures described above. 

Synthesis of mPEG-Thiosemicarbazide 

m 9 "f EG5000 - amine (°- 3 m ™>') ^ 5 ml dichloromethane was added 0.1 ml triethylamine (0.75 mmol) 
and 0.071 g (0.3 mmol) di-2-pyridylthionocarbonate. The reaction went overnight, where upon 0.047 ml (0 3 
mmol) hydrazine was added. After 4 hr the mixture was filtered, and the filtrate was treated with cold ether 
Theproduct was collected by filtration. Yield 1.34g. IR (N-H stretch): 3332. Analysis. Calcd. for N, 0.83. Found! 

N, 0.255. 

Synthesis of mPEG-Carbonic Acid Dihydrazide 

, ha n • ' a ! k J PU ' 9ed WilH ar9 ° n W3S added t - bul y | carbazate (0 04 g. 0.3 mmol) in 2 ml dichlorome- 

thane, 0^084 ml tnethylamine (0.6 mmol), and 0.03 g triphosgene (0.1 mmol). After 5 minutes 1 .5 g mPEG5000- 

am,ne i^ mm0l) 4 m ' dichloromethane added. The reaction went overnight after which time cold ether 
was added to precipitate the product. The product was isolated by filtration. Yield 1 .44 g. The protected dihy- 
drazide (0.61 g) was treated with 2 ml trif luoroacetic acid at room temperature for 1 0 minutes. The trif luoroa- 
cet.c acid was removed, and the resulting oil was dissolved in methylene chloride and concentrated. This step 
was repeated. The oil was dissolved in methylene chloride and the product was precipitated with cold ether 
The product was isolated by filtration. Yield 0.41 g. IR (C=0):1695. Analysis calcd. for N, 1.37. Found: 0.41. 

Synthesis of mPEG-Arylhydrazide 



Boc-NHNH-C^-COOH 
mPEG-NH 2 > mPEG-NH-CO-C 6 H 4 -NHNH z 

The above mPEG5000-arylhydrazine was synthesized as follows. Boc-NHNH-C^-COOH was prepared 
by reacting 4-hydrazinobenzoic acid withdi-tert-butyl pyrocarbonate in dioxane in the presence of base at 0'C 
The protected aryl acid hydrazine (0.378 g, 1.5 mmol) was reacted with mPEG-amine (1.5g, 0.3 mmol) in a 
dichloromethane/dimethylformamide solution (4ml. 1:1). Also added was dicyclohexylcarbodiimide (0 31g 1 5 
mmol), 1-hydroxybenzotriazole(0.2g, 1.5mmol), and triethylamine (0.21 ml, 1.5mmol). The reaction went over- 
night, after which time the contents were filtered. The filtrate was treated with ether, and the precipitate was 
collected. The precipitate was treated with trifluoroacetic acid, and after 30 min. the trifluoroacetic acid was 
removed. Ether was added to the oily residue to precipitate the mPEG-arylhydrazine product The product was 
isolated by filtration. Yield 1.19g. IR (N-H): 3267; (OO): 1655; (C=C): 1606. Analysis. Calcd. for N. 0.82 
round: N, 0.50. 
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SYNTHESIS OF OXIME-FORMING m-PFn 
Synthesis of CH, Q.(CH,CH,0).^H 2 CH,-CO.QNH, 



1. BocNHOH/TEA 
»PEG-CO- N „s > „ reo - 0 - C H 1 c„,-CO-0»H, 

Synthesis of CH 3 0-(CH,CH,0) n -CH 2 CH,-0-CO-ONH.,: 
„„„ 1- BocNHOH/TEA 

Synth esis of CH,Q-(CH,CH,0>„-CH 2 CH,-NH-CO-ONH., 

1. Im-co-lm 

m ' 7~SSS5ST > « eg - 0 - c »^,-nh-co-o„h, 

3, TFA 

triethylamine (5 mmol). The reaction was stirred overnight t ™ SdlT * ^ ° ™ 
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Synthesis of CH 3 0-(CH 2 CH,0)„-CH 2 CH 2 -NH-CS-0NH,: 



1. (CjH 4 NO) 2 CS 

mPEG-NHj > mPEG-0-CH 2 CH,-NH-CS-OMH, 

2. BocNHOH/TEA 

3. TFA 

rnPEG-5000-amine (1.5g, 0.3 mmol) was dissolved in 30ml dichloromethane. Triethylamine {0.1ml 0 75 
mmol) was added followed by di-2-pyridylthionocarbonate (0.082g. 0.35 mmol). The reaction was stirred for 

wlmSflTT tem T' u c re which time N-hydroxycarbamate(0.53g,4mmol) was added along 
r? i tn ^ vm » < 3 - 75 "™>»- The reaction was stirred overnight af terwhich time cold ether was added 
and the result.ng precipitate was collected by filtration, washed, aNd dried. The product (1.6g) was placed in 
dKSholorme hane/tnfluoroacetic acid (1:1) mixture. After 30 minutes the solution was concentrated. The com- 

S?nT ^"f^ 961 f illrati ° n °" 3 LH " 20 cc,umn eluUn 8 with methanol/methylene chloride (5:1). 
Yield 0.72g. IR: (C=S) : 1 684. Analysis. Calcd. for N. 0.55. Found: N, 0.30. 

Synthesis of CH 3 O(CH,CH,0) n -CH 2 CH,-0NH, 



1. BocNHOH/TEA 

mPEG-O-Trs > mPEG-0-CH 3 CH 2 -ONH, 

2. TFA 2 

mPEG-5000-tresylate (2.0g, 0.4 mmol) was dissolved in 1 0ml dichloromethane to which t-butyl N-hydrox- 
ycarbamate (0.53g. 4 mmol) and 0.7ml triethylamine (Smmol) were added. The mixture was heated to 45° (re- 

i^S^TJS 0 T ° Verni9hL ^ 6ther WaS 8dded l ° the reaction mbdure - and tha resulti "9 Precipitate 
ZSSSXtST dried Pr0dUCl a59) W3S P,aced in a <«cholormethane/tri?iuor- 

oacet c acd (3.7) nocture. AfterOO minutes the solution was concentrated. The compound was further purified 

for N toll ^SkHO W C °' Umn e ' Uting Wfth methanol/me,h y ,ene chloride < 5:1 >- Yield 1.6g. Analysis. Calcd. 

tet Jh^l a ^^5^ b ^i rt ' Wi r 9 - l " BUtyl N-Mroxycarbamate (0.53g. 4 mmol) was placed in .ml 

7 , n « o y NaH (78 m9> 3 - 25 mm0l) - After a few minutes this so'" 110 " *» added to mPEG- 
5000-tresylate (1.0g, 0.2 mmoO which was in 5ml tetrahydrofuran. The mixture was heated to 40" and the 

EST T* r rni9hL COld 6ther added t0 the reac,ion mbrture ' and the suiting precipitate was col- 
ected by f .Itration. washed and dried, the product (1 .5g) was placed in a dicholormethanertrifluoroacetic acid 

»?„ ! u ? m ' nUteS the S0 ' Uti0n W3S concentrated - The compound was further purified by gel fil- 
Su F^„df{!"?i? mn e ' Utin9 Wfth ,nethanol/meth y ,ene chloride < 5:1 >- Yield 0.75g. Analysis. Calcd for N, 

Synthesis of CH 3 0-(CH,CH,0) n -CH 2 CH ? -NH-CO-CH^ONH, 



1. BocNHOCH 2 COOH 
PyBOP/DIEA 

mPEG-NHj > raPEG-0-CH,CHj-NH-CO-CH,ONH, 

2. TFA 2 

9tS7S' 500 ^T ine i 2 09 - 0 4 mm0,) 3nd ^ """""yacet'c acid (0.2g. 1.05 mmol) were dissolved in 
20ml di^loromethane. Benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate (1.1g 2mmol) 
was added followed by diisopropytethylamine (0.7ml. 3.9 mmol). The reaction was stirred for about 72 hours 
at room temperature after which time cold ether was added, and the resulting precipitate was collected by f il- 
3 7^ mC^f: «n P^P'^te was paced in a d^ormethane/trinuoroaSic acid 

£2rSSTiSr . m ' nU 1 U, '° n ^ C ° ncentrated - The com P°«" d was further purified by gel f il- 

fatten on a LH-20 column elut.ng with methanol/methylene chloride (5:1). The resulting yellow precipitate was 
taken up in water and was treated with decolorizing carbon. After about 24 hr. the deodorizing Son wS 
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filtered, and the clear filtrate was concentrated. The residue was dissolved in dichloromethane, dried with so- 
dium sulfate, filtered, and the filtrate was treated with cold ether. A white product was obtained. Yield 0 5g 
IR: (C=0): 1676. Analysis. Calcd. for N, 0.55. Found: N, 0.50. 

Synthesis of CH 3 0-(CH,CH,0)„.CH 2 CH } -0-CO-CH^ONH, 



1. BocNHOCH 2 COOH 
PyBOP/DIEA/DMAP 

mPEG-OH > raPEG-0-CH 2 CH 2 -0-CO-CH 2 ONH 2 

2. TFA 1 2 



or, ^P^ 5000 - 3 ' 00 " 01 ( 2 °3. °-4 mmol) and Boo- aminooxyacetic acid (0.2g, 1.05 mmol) were dissolved in 
20 ml dichloromethane. BenzotriazoH-yl-oxytripyrrolidinophosphonium hexaflurophosphate (1.1g, 2mmol) 
was added followed by diisopropylethylamine (0.7ml, 3.09 mmol). The reaction was stirred for about 2 hours 
at room temperature after which time dimethylaminopyridine (0.244g, 2 mmol) was added. After about four 
days cold ether was added, and the resulting precipitate was collected by filtration, washed, and dried The 
precipitate was taken up in water and was treated with decolorizing carbon. After about 24 hr. the decolorizing 
carbon was filtered, and the clear filtrate was concentrated. The residue was dissolved in dichloromethane 
dried with sodium sulfate, filtered, and the filtrate was treated with cold ether. Analysis. Calcd. for N. 0.28. 
round: N, 0.14. 

Half of the collected precipitate was placed in a dicholormethane/trifluoroacetic acid (2:1) mixture. After 30 
minutes the solution was concentrated. The compound was further purified by gel filtration on a LH-20 column 
eluting with methanol/methylene chloride (5:1). Yield 0.3g. IR: (C=0): 1734. 

Synthesis of CH 3 Q-(CH ? CH,0) n -CH 8 CH ? -CH(OH)-CH 2 -ONH ? 



O 1. BocNHOCH 2 COOH 
mPEG-CH-CH, > mPEG-O-CHjCHj-CH (OH) -CH,-ONH, 



2. TFA 



mPEG-5000-epox.de (1.0g. 0.2 mmol) was dissolved in 10ml 0.1M NaOH. t-Butyl N-hydroxycarbamate 
taKJg, 4 mmol) was added. After running the reaction overnight the reaction mixture was extracted with di- 
chloromethane. Sodium sulfate was added and was filtered. Cold ether was added the dichloromethane sol- 
n nr ITU " 9 precipitate was co,lected b y fi'«ration. washed, and dried. The compound was further 

purified I by gel filtration on a LH-20 column eluting with methanol/methylene chloride (5:1). The protected 
mPEG-denvative (0.25g) was placed in a dicholormethane/trifluoroacetic acid (1:1) mixture. After 30 minutes 
the solution ,was concentrated and taken up in dichloromethane. The compound was isolated by precipitation 
from ether. Yield 0.2g. IR: (O-H): 3447. Analysis. Calcd. for N, 0.28. Found: N. 021 «P"a«°n 

Synthesis of CH 3 CKCH,CH,Q)»-CH,CH,-CO-CH,-ONH, 

1. DMSO/AcO 

mPEG-O-CHj.CHj-CH (OH) -CHj-ONH-Boc -— 1> 

2. TFA 

mPEG-O-CHjCHj-CO-CHj-ONH, 

\o^Z^^?^°^ CH2 ' ONH ' BOC (0 - 39 ' 06 mm0l) W3S P,ac8d in 3 ml *y sulfoxide fol- 

TtZ?l*l « ?k * 8C8tiC anhydrid9 - The reaCti0 " W8nt for about 24 hr - at ™™ temperature 

Th! J^ J 8 ^ 6 i her WaS 8dded - ne resu,tip 9 P^Ptete was collected by filtration, washed and dried. 
S22^ P ^ 8 dich « ,ormetha "^rifl«°««cetic acid (1:1) mixture. After 30 minutes the solution 

Z^LT^o^Tol^T^ by prcciptetion ,rom 00,0 ether - Yie,d °- 189 - '* (C=0 > : 1698 - 
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Synthesis of mPEG-Ornithine Semicarbazide 

mPEG-5000-amine (5.0 g, 1 . mmol) was dissolved in 5 ml dry methylene chloride and 10 ml dry dimethyl- 
formamide was added. Fmoc-Orn(Boc)-OPfp (3.1 g, 5 mmole) was added. After 1 hr. at mom temperature the 
•Mm was concentrated. Water was added to the residue, and the solution was filtered, centrif ugred. and 
.5? f T Ve dBpera8d soHd in the a ^ eo "s solution. The filtered aqueous solution was concentrated 
,«1 6 . WaS e ° " P meth y |ene cWoride and was dried with sodium sulfate. The solution was fil- 

22" VZ?!TTT!!!l ^ C0,dether 1,16 rcSUl,in9 P feci P^te was colleced by filtration, washed, and 
r r V? (C=0):1713 ' 168 °" The Fmoc 9™P was removed by treating the compound with 25% 
p.pend.ne (m methylene chloride) for 30 min. Cold ether was added to the solution to preciptete the mPEG- 
denvatjve The precipitate was collected, washed, and dried. The free alpha amino group was acetylated by 
a^M 7 9 h f ° f th ! mPEG ^ erivative 3 xylene chloride and adding 1 n?l acetic anhydriae After 
JSiI'IE r °°.K empe ^ ture th8 so,ution was concentrated. The resulting solid was treated with trif luor- 
oaceuc acid in methylene chloride (3:5) for 1 hr. at room temperature. The solvent was removed and resulting 

TrtVrt^TtnL* , ( ?° ): 1 ? 85, The "derivative was dissolved in 3 ml dry methylene chloride 
n lST, , ? "!: 3 ; 84 mm °' e) 8dd8d f °" 0wed Dy 1 ml P hos 9 ene in Wuene (1.92 mmole) and 
1^32 y m ! ^ 8ne Chl0ride - The reaCti °" Went 0verni 9 ht at room 'e^Perature after which time 

""US? n" 16 reSidUe WaS dfeS0,Ved in 3 ml dry ch ,orid e and 0.2 ml hydrazone 

£^L^?r?.r ^ ^ , !! elhano, ^ ~'»»ion became clear (3.4 mf). After 4 hr at room 

temperature the solufon was clarified by centrifugal ion and was concentrated. The compound was purified 

bygelf,ltrat l ononaLH-20c 0 lumne.utingwfthmethano./methy l enechloride(5:1).Yield07^l^ 
of,imTte~ 

EXAMPLES 

Modification of EPO (Hydrazide Method) 

acetate 3 ShX Z^T*' ^H V? ^ fr ° m ^ Bl '° tech > W88 ™ sodium 

f ln?^ n, « ^ Ume 0 786 En0U9h 10 mg/ml Solulion " sodium Perioaate was added to give a 

™?33m^^ 

Si M mMoTZ?! a 2 t t 3 W3 u ad o ded - Aft8r 5 mi " the SO ' Uti0n WaS concentrated and washed three times 
X Z >T« k T « P , H 4 * 8 microc o n centrator. After the final concentration the oxidized EPO 
thtoxZd 5 n th ° P 5 ° "■ With 100 mM SOdiUm aC6tate - -"PEGoOOO-hydrazide (50 mg) was added to 

0 05% sod,um^,de. The amount of mPEG modifying EPO was determined by HPLC gel filtration ustoo a 

mPE e L a w!^ «>T I*?-* 50 ° 0,Umn USin9 3 01 M Ph0sphate buffer P H 7 - Am SS moZtes 
mPEGs were found to be attached to each molecule of EPO. 

Modification of EPO (Semicarbazide Method) 

■dati™? PrOCed T f 8bOVe fW the hydra2ide metnod Was Performed, except the reaction time for ox- 
™" WaS Pleased to 5 minutes and a decreased amount of mPEG-semicarbazide (10 mg) was used com- 

SL J? !T?«2 mP J?- hydra2ide (5 ° Even with me decreased oxidation time and .ess mPEG 
SSZtaS?^ molecu.es were attached to EPO. tf longer oxidation times (1 5 min) and more 

mPEG-sem^rbazide « added, around 30 mPEG molecules can be attached to EPO depending on the mo- 
-edThus mPEG-semicarbazide appears to be more reactive than mPEG-hydrazI 
oSonl teCheSmanym ° rem PEGnw| ec«'estoEPO than mPEO-hydrazide is abletounder similar reaction con- 

acirtt^T" 30 ! 10 ? 6 m0difyi " 9 EP ° Wit " mPEG0 " either thecarbohydrategreupsorontheamino 

acid sde chains is shown in Fig. 1. Analytical HPLC gel filtration conditions are the same as described able 

I foutdThS ppT unm H°? if T S?i = presented in Fig - 1a - A sin9,e •** with a retantfo " S-i 

.s found When EPO « modified wrth mPEGSOOO on its carbohydrate groups (Fig. 1 b). a single larqe peak with 
a retentron ,me of 9.4 minutes is seen for the unpurified reaction product/when EPO *S2TJ££ 

products is obtained (peaks from 7.5 - 10.2 minutes). A similar heterogeneous paTtern formPEG modifiSton 
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using succinimide coupling to CSF-1, interleukin-2, and 0-interferon has been found (U.S. Pat No. 4,847,325 
and 4,9117,888). There are also more low molecular weight Impurities present with succinimide coupling (Fig. 
1c). Active ester coupling using succinimide derivatives of mPEG has been the preferred method for attaching 
mPEG to proteins [Nucci, M.L, Shorr, R., and Abuchowski, A. (1991) Adv. Drug Delivery Rev., 6, 133-151]. 
EPO was also derivatized with mPEG8500 using the above-described semicarbazide method, see Figure 4 
for results of biological experiments. The above-described semicarbazide method was also used to obtain EPO 
modified with mPEG12000 (see Figure 3) and EPO modified with mPEG2000 (see Figure 10). 

EPO aJso was modified with thiosemicarbazide, hydrazide carboxyiate, and carbonic acid dihydrazide der- 
ivatives of mPEG. These derivatives of mPEG performed like the semicarbazide derivatives of mPEG in that 
high levels of coupling mPEG to EPO could be obtained using these derivatives when compared to the hydra- 
zide derivatives of mPEG. Other conditions for the oxidation of EPO can be used such as increased temper- 
ature, increased concentration of sodium periodate, and increased or decreased reaction times as long as 
these oxidation conditions do not impair the biological activity of EPO. 

Large-Scale Modification of EPO (Semicarbazide or Carboxyiate Hydrazide Method) 

EPO (12.0mg) (obtained from Ortho Biotech) was placed in 100 mM sodium acetate, pH 5.5, total volume 
1.8 ml. Sodium periodate (0.215 ml) at a concentration of 40 mg/ml was added. The oxidation went for 20 min- 
utes at 0°C in the dark after which time 0.02 ml of ethylene glycol was added, and the admixture stirred for 
10 minutes at 0°C. The oxidized-EPO was purified by gel filtration using a Sephadex® G-25 column (2.5 cm 
X 9 cm) and eluted with 100mM sodium acetate buffer, pH 4.3. Eluted oxidized EPO (10-11ml) was pooled. 
mPEG5000 semicarbazide (100 mg) was added to the purified oxidized EPO. The mixture was stirred over- 
night at room temperature. The mPEG-5000 EPO was purified by gel filtration using a Sephacryr® S-200-HR 
column eluting eith buffer consisting of 0.2M NaCI, 0.02 M sodium citrate, 0.025% sodium azide, pH 7.0. 

The above modification was repeated using 200 mg of mPEG5000 semicarbazide. Reactivity was about 
22 mPEG molecules per molecule of EPO. 

The above modification was repeated employing half the amount of the reactants as specified hereina- 
bove, using 200 mg of carboxyiate hydrazide. Reactivity was about 30 mPEG molecules per molecule of EPO. 

Modification of EPO (Oxime Method) 

A. mPEG-CHzCH^NH-CO-CHz-ONHz 

The same procedure as above for the large-scale semicarbazide method was performed. However, instead 
of addition of mPEG5000 semicarbazide, mPEG5000-CH2-CH2-NH-C0-CH r ONH 2 (50 mg) was admixed with 
2.15 ml of oxidized EPO at room temperature overnight The mPEG5000-EPO was purified by gel filtration 
using a Sephacryl® S-200-HR column eluting with buffer consisting of 0.2M NaCI, 0.02 M sodium citrate, 
0.025% sodium azide, pH 7. About 31 molecules of mPEG5000 were found to be attached to each molecule 
of EPO as determined by HPLC gel filtration using a Phenomenex Btosep-Sec-S4000 column (30 cm X .017 
cm). A minor fraction consisting of 25 molecules of mPEG-EPO was also isolated, and was used for biological 
testing. See Figures 16, 18 and 19. 

B. mPEG-0-CH 2 CH 2 -NH-CO-ONH, 

The above modification of EPO was repeated using mPEG-0-CH 2 CH2-NH-CO-ONH2. About 18-19 mol- 
ecules of mPEG5000 were found to be attached to each molecule of PEG as determined using the methods 
as in modification A above. Biological data is shown in Figures 16, 18 and 19. 

C. mPEG-Q-CH 2 CHyONH ? 

The above modification of EPO was repeated using mPEG-0-CH 2 CH2-ONH 2 . About 17 molecules of 
mPEGSOOO were found to be attached to each molecule of PEG as determined using the methods as in mod- 
ification A above. Two minor fractions of 22mPEG, 12mPEG were also isolated( Figure 17, 18, 19). 

D. mPEG-0-CH 2 CH^CO-ONH 2 

The above modification of EPO is repeated using the PEG-oxime derivative mPEG-0-CH 2 CHr CO-ONH* 
About 3 molecules of mPEGSOOO were found to be attached to each molecule of EPO, as determined using 
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the methods as for modification A above. 
E. mPEG-0-CH 2 CH 2 -CH(OH>-CH 2 -ONH ? 



CH ONH b Ah rn °t'! iCai ! 0n af EPO is reDeated "sing the PEG-oxime derivative mPEG-0-CH 2 CH 2 -CH(OH)- 
^ "\ 0,ecules of "PEG5000 were found to be attached to each molecule of EPO a deter- 
mined using the methods as for modification A above. 

F. mPEG-Q-CH 2 CH 2 -NH-CS-ONH, 

ONH^l^I m °f ifi ? ti0 " ° f n EP ° iS repeated usin 9 tha PEG-oxime derivative mPEG-0-CH 2 CH r NH-CS- 
Biological Activity of mPEG-EPO 

vthJ^JT!!?"^^!^.^ 68 W6re aSS8yed f ° r biolo 9 ical activit y in ™° measuring the increase in er- 
ythmcytes generated after injection of the modified protein (Egrie. J.C.. Strickland T W line J AokT K 

!o p^ieTn cnSTJ 6 "" ta ° ld) — injeCted eithe ' '"traperitoneally or subcutaneously i" 

S£ST " C ° nSeCU,iVe ^ ^ W3S WithdraW " °" ^ermined days for hSocnt 

mPEGl'™^ h 09 ?' 8C,iV o ieS (hematocrit ,evals > ° f th « "PEG-EPOs linked via hydrazide derivatives of 
t.on of the number of mPEGs incorporated and the molecular weight of mP EG used 

logicLl act"mesTf ppT^ 0 ^ f^ 6 "' mPEG hydraZ ' de HnkerS used - Table » summarizes the bio- 
tog«al activities of EPO modified with d.fferent mPEGSOOO-hydiazide derivatives where optimal amounts of 

27rt!' N ° l a " "^-derivatives give the sam oSS«S whe„ 

dUe f l ° lha ,nab «y to ^"t'y couple an optima, amount of mPEG or other ftTols ^ 
logical activities are the best values obtained for each linker. 
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TAB LB I 



Table I: Biological Activity ol Different mPEG-EPOe 

Molacutai Duration of Activity 



f mPEOs Couplad * 


WatqM mPEO 


Max. Homalowlt (%)•• 


noi&tfv* to 


16 


2000 


60 


14 


6« 


6000 


69 


0 


12 i 


6000 


61 


7 


16 


6000 


61 


10 


22 


6000 


61 


20 


24 


6000 


68 


13 


26 


6000 


64 


14 


17 


6000 


60 


16 


12 6 


66 DO 


64 


7 


20 


6600 


66 


14 


64 


6600 


47 


7 


.66 


12000 


64 


7 


14 


12000 


63 


11 


26 


12O00 


61 


7 



At Da tar mint d by Slxe Exctualon Chromatography 
Biological Assay Dascrfbad in Exparlmonlaf Section 

Daya from EPO Maximum Hematocrit Laval (46 on Day 4) Raqukad to Botch EPO'a Maximum 
Hematocrit Laval Altar Attaining Ha Own Maximum Ha mat ocrft Laval 
Mydruida Llnkar Uaad. All Othara Utad StmlctrbaikJt Llnkar. 
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Tablo II: Biological Activity of n>PEG5000.EPOft Comparing Oilforont Carbohydrate Modifying mPEG-linkf-i 



mPEQ.Ltnkef 

CHMOCHaCH*),.0-CH2-CO-NHNH* (Hydreildt) 



Duration of Activity 
MM. HerratoortUSI • R»l«tly to EPQ fp a yi» . 



CH»-(OCHiCH»).-NH.CO.NHNMa (S.mlcarbMlcte) 61 20 

CHj.(OCHjCHs)» NH CS-NHKiHa fThlc«efnl<*/bMlde) 5ft 

CH».{OCH3CHa>».NH-CO.MHNH.CO NHNHi {Carbon! o Add Dinydr« ;( J»> 57 t2 

CHi.(OCKJCH2), CKiO.NHNM2 (HydfMWt C.rbo.yl.io, 23 mP£0.) 60 

CH».(OCHtCH5)«.NH.CaC»H4.NHNHt (A/ylhydr«W»> 52 7 

• Biologic*! At My D99crlb«tf in Exp«rlra»ntoi So c Don 



w a .I h H he K matoC ? ' eVelS f0f EP ° and mp EG5000-EPOs in mice are presented in Fig 2 The 12PEG-EPO 
uy mis mrtb derivative under the experimental conditions given above The 18PEG anrf prpfo cpo e 

mPEG^ecu^s oe r nS^ m U8m9 A " nker (COfresp ° ndin 9 to Fo "™'« XXX herein) having 1 8 
hlf™ nio per , mo,ecule of EP0 as conipared to the "C linker (corresponding to Formula XXXIII herein! 

IZior^ X^fh 63 »T m0,eCU ' e 01 EP °- ^ n0taWe ^ the hi ^ er neLtoc^TaSivl^; S?5 
^Jft ,T 63 PSr m0,eCU,e ° f EPa Hi 9 hest "ematocrit levels are obtained a the lowest deoree of 

XSo^S^oZt^-'T - ? proporttona ' to de9ree of ■""*»»■* 

as compare^^ natore^i^O^ derivative however, hematocrits were higher and of increased duration 

12mp S E^EPO^^ 

12 mPEG-EPO produces nerther the degree nor duration of hematocrit elevation as that o> the oxylamTne^ 
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rivitized EPO. 

Antibody binding to mPEG-EPO 

w 0 The (i ant | genicit y 01 the -"PEG-EPOS was determined by using the Clinigen™ erythropoietin (EPO) EIA test 
KLBft efly, the assay consists of a micro litre plate coated with a monoclonal antibody to EPO. EPO or mPEG- 
EPO is allowed to interact with the coated plate. After washing the plate a labeled polyclonal antibody to EPO 
is incubated on the plate. After substrate development the plate is read. 

The results of the EUSAassay for hydrazide derivatized EPO. are presented in Figure 3. The mPEG-EPOs 
are presented as the approximate number of mPEGs attached for a given molecular weight of mPEG For ex- 
ample, 12PEG-5k means about 12 mPEG molecules of a molecular weight of about 5000 were coupled to each 
molecule of EPO. The data indicates that as the number of mPEGs coupled to EPO are increased, the anti- 
genicity of the protein is decreased. Similarly as the molecular weight of mPEG is increased, the antigenicity 
ue. the binding of the antibody, of the modified EPO also is decreased. Reacting oxidized EPO with a hydrazide 
derivative of mPEG did not reach the high coupling levels seen with semicarbaz.de. thiosemicarbazide. and 
carbonic acid dihydrazide PEG derivatives and thus could not give the large decreases in immunogenicity as 
seen with these other mPEG derivatives. Decreasing the antigenicity of a protein correlates to a decrease in 
the immunogenicity of a protein as well. Thus mPEG-EPO coupled to the carbohydrate groups of EPO may 

r r^°! , any POtent ' al immuno 9 enicit y elated to the protein with those derivatives of mPEG able to be coupled 
at high levels being the most effective. 

For additional EUSAdata with mPEG hydrazide derivatives see Figure 6 
»_ Th l reSult8 l 0f the EU SAassay for oxime derivatized EPO are presented in Figure 18. The data indicates 
that as the number of mPEGs coupled to EPO are increased, the antigenicity of the protein is decreased. Re- 
acting oxidized EPO with a linker that resulted in comparatively low coupling levels (18 PEG-A, 1 7 PEG-B 12 

Efm?.?" m laf9e decreases in ''nrcnunogencity as seen with the comparatively high coupling level 
ormulatrcns (22 PEG-B, 25 PEG-C. and 31 P^^ 

immunogenicity appear to be determined largely based on the coupling level (e.g. compare 12 PEG-B and 
^PEG-B). Thus, mPEG coupled to carbohydrate groups of EPO through oxime linkages may reduce potential 
immunogencty related to the protein, with those derivatives of mPEG able to be coupled at high levels being 
trie most effective. 3 

Modification of Horseradish Per oxidase: Comparison of Hydrazide Versus Semicarbazide Coupling 

o C ™™ Deroxidase < HRP > fe a glycoprotein enzyme (oxido-reductase). HRP was modified with either 
mPEGSOOO-hydrazide or mPEGSOOO-semicarbazide in order to see whether another glycoprotein besides 
EPO could show the difference in modification between the two different carbohydrate modification reagents 
In a typical expenment, horseradish peroxidase (2 mg) was placed in 100 mM sodium acetate, pH 5.6, total 
volume 0.8 ml Enough 10 mg/ml solution of sodium periodate was added to give a final concentration of sodium 
mM ° l The oxidation went for 15 min a » 0°C in the dark, after which time 0.33 ml 80 mMol 
NazS03 was added. After 5 minutes, the solution was concentrated and washed three times with 100 mMol 
sodium acetate. pH 4.2, in a micro concentrator. The oxidized horseradish peroxidase solution was then split 
in half, with one half receiving mg PEGSOOO-hydrazide and the other half receiving 30 mg mPEG5000- 
sem.carbaz.de. The two oxidized horseradish peroxidase solutions were then stirred overnight at room tem- 
perature. The extent of PEG modification was determined by HPLC gel filtration using a Zorbax™ GF-250 
column using a 0.1 M phosphate buffer. pH 7. The mPEGSOOO-hydrazide modified horseradish peroxidase 
had approximately 7 PEG molecules/HRP; the mPEGSOOO-semicarbazide modified horseradish peroxidase 
had approximately 19 PEG molecules/HRP. Thus modification of horseradish peroxidase with PEG being at- 
tached to its carbohydrate groups is more effective using a semicarbazide derivative of PEG than a hydrazide 
under the same experimental conditions. 

Half-Life Determinations 

Half-Life experiments were done in male Sprague-Dawley rats weighing about 0.3 kg. Three rats were 
used for each compound. The experimental details are as follows. Each rat was injected IV (intravenously) 
with 1 pg EPO ormPEG-EPO. For the hydrazide derivatized mPEG-EPO. the mPEG-EPO used was mPEGSOO 
sem.carbaz.de-18, prepared essentially as described in the section above on EPO modification with semicar- 
bazides. Blood was withdrawn from each rat at 2. 5. 15. 45. 90 minutes and 3. 6. 24, 48. 54 hour time points 
The blood was collected in heparinized tubes, and the plasma was isolated. The isolated plasma was tested 
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c^o^ 109 ! 031 aCtiV ? y a " EPO de P endent eel' Proliferation assay. The in vitro assay employed used an 
hOC-PI/ER cell line. This murine cell line incorporates the EPO receptor and is dependent on EPO for growth 
The assay was performed as follows. The cells were grown (108/ml) in the absence of EPO for 24 hr after 
whichtimee,therEPOormPEG-EPO at different concentrations is added to the cells. The cells were incubated 
tor 42 hr, and then tntiated thymidine was added to the cells. After 6 hr the cells were harvested and counted, 
cell growth was determined by the increased up-take of thymidine. Results are given in figure 7. 

Q ~r^ 0 f ependent 0611 P ro,iferation was performed as described above using oxime-derivatized 
mPEG-EPO. Results are given in Figure 19. 

In Vivo Assay: Anemic Mouse Model 



In this assay mice are rendered anemic by injections for five consecutive days with TNF-alpha. To over^ 
come the anemia the mice were injected SC (subcutaneously) with either EPO or mPEG-EPO (at 0 03 ug/dose) 
over the same five days or on just two of the five days that the mice receive TNF-alpha. Results are given in 
Tigureio. 



Equivalents 



An publications and patents mentioned in the above specification are herein incorporated by reference 
The foregoing written specification is considered to be sufficient to enable one skilled in the art to practice 
the invention Jndeed,vark>usm 

are obvious to those skilled in the field of molecular biology or related fields are intended to be within the scope 
of the following claims. K 



Claims 

1- A compound having the formula: 

Q 

P-Y-C=X 

wherein X is O or S; Q is selected from the group consisting of -NHNH 2t and -CWNHNH* and Y is se- 
lected from the group consisting of -O-, -OCH^ -NH-, -NHIMH-, -0-CO-CH 2 CH r and -NHCO-NHNH-- 
and P is a water-soluble polymer. 

2. A compound according to claim 1, said compound belonging to the group consisting of, 

a compound having the formula: 

(I) P-aCH r CO-NHNH 2l 
a compound having the formula: 

(II) P-0-CO-NHNH 2 , 
a compound having the formula: 

(IN) P-NH-CO-NHNH 2p 
a compound having the formula: 

(IV) P-NH-CS-NHNH 2 , 
a compound having the formula: 

(V) P-NHCO-NHNHCO-NHNH 2 , 
a compound having the formula: 

(VI) P-NHNHCONHNH 2l 
a compound having the formula: 

(VII) P-NHNHCSNHNH 2 , 
a compound having the formula: 

(VIII) P-NH-CO-C 6 H 4 -NHNH 2 , and 
a compound having the formula: 

(IX) P-O-CO-CHzCHrCO-NHN^. 

3. A compound having the formula: 
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P-Y-X-Q 

o-, ana -u-CHjCHrNH-; and P is a water soluble polymer. 

4. A compound according to claim 3, said compound belonging to the group consisting of, 
a compound having the formula: 

(XIX) P-O-CHzCHz-CO-ONH* 
a compound having the formula: 

(XX) P-O-C^CH^OCO-ONH* 
a compound having the formula: 

(XXI) P-OC^CHrNH-CO-ONHo, 
a compound having the formula: 

(XXII) P-0-CH2CH r NH-CS-ONH 2 , 
a compound having the formula: 

(XXIII) P-0-CH 2 CH2-ONH 2 , 
a compound having the formula: 

(XXIV) P-0-CH2CH2-NH-CO-CH20NH2, 
a compound having the formula: 

(XXV) P-0-CH 2 CH2-0-COCH2-ONH 2 , 
a compound having the formula: 

(XXVI) P-0-CH 2 CH2-CH(OH)-CH2-ONH 2 , 
a compound having the formula: 

(XXVII) P-O-CH2CH2-CO-CH2-ONH2. 

5. A compound belonging to the group consisting of 
a compound having the formula: 

(X) P-O-CH 2 -C0-NHN=CH-] n -Z, 
a compound having the formula: 

(XI) [P-0-CO-NHN=CH-J n -Z, 
a compound having the formula: 

(XII) P-CH-CO-NHN=CH-] n -Z, 
a compound having the formula: 

(XIII) P-NH-CS-NHN=CH-] n -Z, 
a compound having the formula: 

(XIV) P-NHCO-NH-NHNHCO-NHN=CH-l n -Z 
a compound having the formula: 

(XV) P-NHNCON=CH-]„-Z, 
a compound having the formula: 

(XVI) [P-NHNCSN=CH-] n -Z, 
a compound having the formula: 

(XVII) [P-NH-CO-C 6 H 4 -NHN=CH-] n -Z; and 
a compound having the formula: 

. , _ (XVIII) [P-O.CO-CH 2 CH 2 -CO-NHN=CH-] ri -Z 

T^^^S^^ n]SU0X ' X balnfl the " um ^^oxidation activatable groups on Z, and P is 

. A compound belonging to the group consisting of, 
a compound having the formula 
(XXVIII) 

a compound having the formula 
(XXIX) 

a compound having the formula 
(XXX) 

a compound having the formula 
(XXXI) 

a compound having the formula 

(XXXII) P-0-CH 2 CH r ON=CH-] n -Z; 



[P-0-CH 2 CH2-CO-ON=CH-] n -Z; 
P-0-CH 2 CH 2 -0-CO-ON=CH-] n -Z; 
[P-0-CH 2 CH 2 -NH-CCM)N=CH-] n -Z; 
P-0-CH 2 CH2.NH-CS-ON=CH-] ft -Z; 
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a compound having the formula: 

(XXIH) P-0-CH 2 CH r NH-CO-CH r ON=CH-l n -Z; 
a compound having the formula: 

(XXXIV) P-0-CH 2 CH r O-CO-CH r ON=CH-] n -2; 
a compound having the formula: 

(XXXV) P-O-CHzCHj-CHfOHKHrON^H-k-Z; and 
a compound having the formula: 

(XXXVI) [P-O-CHiCHj-CO-CHrON^H-^-Z. 
wherein Z is a polypeptide, n is 1 to x. x being the number of oxidation activatable groups on Z, and P is 
a water-soluble polymer. 

7. A compound according to claim 5 or claim 6, wherein n is 10-36. 

8. A compound according to claim 7 wherein n is 1 7-25. 

9. A compound according to any of claims 5 to 8. wherein Z is selected from the group consisting of hor- 
mones, lymphokines, cytokines, growth factors, enzymes, vaccine antigens, and antibodies. 

10. A compound according to claim 9. wherein Z is erythropoietin. 

11. A compound according to any preceding claim, wherein P is selected from the group consisting of poly- 
ethylene glycol homopolymers. polypropylene glycol homopolymers, copolymers of ethylene glycol with 
propylene glycol, wherein said homopolymers and copolymers are unsubstituted or substituted at one 
end with an alkyl group, polyoxyethylated polyols. polyvinyl alcohol, polysaccharides, polyvinyl ethyl 
ethers a.B-PolyKa-hydroxyethyD-DL-aspartamideJ. RO-PEG, where R may be alkyl. aryl, alkylaryl, aroyl 
alkanoyl. benzoyl, arylalkylethers, cydoalkyl. cycloalkylaryl, and derivatives of said polymers. 

12. A compound according to claim 11. wherein P is monomethoxypoly(ethylene glycol) having an average 
molecular weight in the range of 2000-12000. more preferably 5000. 

13. A water-soluble polymer modified polypeptide, said modified polypeptide produced by a method compris- 
ing the step, 

mixing a compound according to any of claims 1 to 4 with a polypeptide for modification. 

14. A modified polypeptide according to claim 1 3, wherein said polypeptide for modification is selected from 
the group consisting of hormones, lymphokines, cytokines, growth factors, enzymes, vaccine antigens 
and antibodies. * 

15. A modified polypeptide according to claim 13. wherein said polypeptide for modification is an antibody 
said method further comprising the step of combining said antibody with a compound capable of specif- 
ically binding to a binding site on said antibody, prior to said mixing step. 

16. A modified polypeptide according to claim 13. wherein said polypeptide for modification is an enzyme, 
said method further comprising the step of combining said polypeptide with a substrate for said enzyme 
pnor to said mixing step. 

17. A modified polypeptide according to claim 13, wherein said polypeptide is erythropoietin. 

18. A composition comprising a polypeptide according to any of claims 1 3 to 17 and a pharmaceutically ac- 
ceptable carrier. ' 

19. A method of activating polypeptides for conjugation with compounds selected from the group consisting 

of compounds II. III. IV, V. XIX. XXI, XXIII and XXIV said method comprising the step, 
mixing a polypeptide for activation with an oxidizing agent 

20. A method according to claim 19, wherein said oxidizing agent is sodium periodate. at a concentration of 

Til T'^ , eS Pef mi " i9ram " protein> and said mixin 9 ste P te kes place at a temperature in the range 
of -10 to 50°C for a period of time between 1 minute and 3 days. 

21. A kit for modifying polypeptides with water-soluble polymers, said kit comprising, 
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a water-soluble polymer according to claim 1 or 2, an oxidizing agent and a polypeptide for modi- 
fication. 
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EPO ELISA Assay Fig. 3 

EPO and mPEG-EPOs 




A 
# 

□ 
T 
♦ 



EPO 

12PE0.5* 
6 PEG- 12k 
2SPEO-S* 
14PEO-12K 
2*PEGl2k 



Concentration (ng) 
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Figure 4: Hematocrit Levels in Mice 

Hydrazide and Semicarbazide Conyjarison 




5 10 15 20 

Days After First Injection 
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HYt.6.11 
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Figure 5: Hematocrit Levels in Mice 

EPO and mPEG8500-EPOs 




Days After First Injection 

cro — 4 — urea — I 



tPPCO 



1SPEO 



Control 
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EPO ELISA Assay 

Carbohydrate Modification: Sernlcarbazide 
4.60 r — 1 , — 




10* lO* 10' to* 

Concentration (ng) 

■ EPO ♦ 6C5-24 • 8C5-18 
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Cfrcu/atfng Ha/ f -Life //? fat 

EPO Activity in Hat Plasma 
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Hematocrit Levers In Normal Mice (CD1) 

0.4ug / Dose Injected SC Days 0 & 1 




Days After First Injection 
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Hematocrit Levels in Normal Mice (CD1) 

0.4ug / Dose Injected SC Days 0 & 1 
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IIODH 10 



Hematocrit Levels in Normal Mice (CD1) 

0.4 ug/Dose Injeoted SC Days 0 & 1 




6 10 15 20 
Days After First Injection 
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TXCOU 11 



Hematocrit Levels in Normal CDIMice 

0.4 ug / Dose Injected SC Days 0 & 1 




Days After First Injection 
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TICUU It 



Hematocrit Levels in Normal CD1 Mice 

0.4 ug / Dose Injected SC Days 0 & 1 




Day* After First Injection 
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Hematocrit Levels in Normal Mice (CD1) 

(Mug/Dose Injected SC or IV Days 0 fcT**- epo-sc 
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ricutz u 



Hematocrit Levels In Normal Mice (CD1) 

Multiple vs. Single Dose (0.1 ug): SC/IV 
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Hematocrit Levels in Normal Mice (CD1) 
TNFo Induced Anemia 
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Hematocrit Levels in Normal Mice (CD1) 

0.4ug / Dos© Injected SC Days 0 & 1 
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Hematocrit Levels in Normal Mice (CD1) 

0.4ug / Dose Injected SC Days 0 & 1 

72 r 1 — 1 , _ 
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EPO ELISA Assay 

Oxlme Linked mPEG-EPOs 
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EPO Proliferation Assay 

Oxime Linked mPEG-EPOs 




Concentration (ng) 



SPO ▲ 18PEO-A O 22PEQ-B ▼ 1 7PEQ-B 
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Hematocrit Levels in Normal Mice (CD1) 
0.4ug / Dose Injected SC Days 0 & 1 
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